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fully engaged at a very early period of life» and 
which are of acknowledge impcntance in the pur- 
soits of every well educated youth. 

In perufUDf^tysmtiewwiiiycamQitbcArkiyeur 
minds, that it is not intended for proficients in 
philosophical knowledge* but for ndiviciates in 
science :— not for yourselves in the present advanc- 
ed stage of your progress, but for those young 
persons who are unacquidDfed with the m^nieiits 
of natural and experimental philosophy. 

I am too well acquatated with the exeeHence of 
your dispositions to suppose it necessary for me to 
apologize for laying before you a work that has no 
extraordinary clum to your acceptance. You will, 
I am sure, appreciate its value, not so much by its 
intrinsic contents^ as by the gopd-will with wludi' 
it is presented. 

Before I conclude this short address, permit 
to say, that my own hapftoess 4rill ever b 
augmented, by the assurance of the happi 
and distinguished usefulness of those with *< 
have spent so many years of my H^, and to whose 
permanent interest* 1. am. sure, ygu wiU acknow* 
ledge I hi|db|ever been inattentive. 

Sincerely wishing you» Gentlemen^ all the &lidt|r 
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wUdi the hoQoiirable exercise of distinguished 
talents and virtaous minds can confer upon the 



I subscribe mjrself 
Your very aflfectionate Friend 

And obedient Servant, 

THE AUTHQR. 
Clapton, Mat, IBOOk 
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PREFACE. 



THE Author of these little vobmes feels himself 
extremely happy in the opportunity which this 
publication affcn^ him of acknowledging the oUi- 
gatioos he is under to the authors of '* Practical 
Education,** for the pleasure and instruction which 
he has derived from that valuable work. To this 
he is solely indebted for the idea of writing on the 
subject of Natural Philosophy for the use of chil- 
dren. How far his plan corresponds with that 
Suggested by Mr. Edgeworth in his chapter on 
Mechanics, must be left with a candid public to 
decide. 

The Author conceives at least, he shall be jus- 
tified in asserting, that no introduction to natural 
and experimental philosophy has been attempted 
in a method so familiar and easy as that which he 
now offers to the public:— none which appears to 
him so properly adapted to the capacities of young 
people of ten or eleven years of age, a period of 
life, which, {rom the Author's own ey\«tirifc\.Kfc% 
he is coD&deat, is by no means too earV^ V> \sA»k^ 
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4i ^ of much aanhtt totfaoae.who are lyA familk 

; '* acquainted with the technical language in nth 

1 •* they arc deE?tted.»* - 

It is presumed that, aa at^sntive perusal of th 
dialogues, in whic)L tlvt princqial and most coqaii 

\ terms of sciavoe are carefiillj eiq;ihuned and iU 

trated, by a ymttf of Cumliar e^mmples^ will 
the means of (obviating this objection^ with resp 
to persons who m^Uf be desinsns of attendmg th 
public philosophical lectinea to which the inhi 
tants of the metn^ofis have almost constant aca 



* Mr. Edgeirortli^ ihiiyfiir tm MtrkmUm fhovU^ tt^paaatat 
t0 the attentioii cif f^ nadei^ tat. Ihtt AmiMr fteli wnrflHl^ 

rosal of all pcnoM c^pwsd bk i^ edMS^ of ytvtlb 
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CONVERSATION I. 



INTEOnUCTION. 



FATHEB— CHARLES— EMMA. 
CHARLES. Father you told sister E~ 
ma and me, that, after we had finUhed the 
" Evening's at Home" you would explain to 
us some of the principles of natural philoso- 
phy : you will begin this morning i 

Father. Yes, I am quite at leisure ; and, I 
shaU indeed at all times takea delight in com- 
mUDicating to you the elements of useful 
knowledge ; and the more so in proportion 
to the desire which you have of collecting 
and storing those facts that may enable you 
to understand the operations of nature, as 
wen as ttie works of ingenious artists. These, 
I trust, w'dl lead you, insensvb\y, \q sAnCw 
^trndom and ^odnesa by lueaaa ol^^ 



the whole system of the- universe la construc- 
ted and supported. 

Emma. But can philosophy be compre- 
hended by children so young as we are ! I 
thought tliat it had been the business of meii) 
and of old men too. 

Father. Philosophy is a word which in 
its original sense signifies only a love or de- 
sire of wisdom ; and you will not allow that 
you and your brother are loo young to wish 
for knowledge. -, 

Emma- So far from it, that the mote 
knowledge I get, the better I seem to like 
it ; and the number of new i deas which, 
with a little of your assistance, ! have ob- 
tained from the " Evening's at Home" and 
tfie great pleasure which I have received 
from the perusal of these volumes, will I am 
sure, excite me to read them again and 
again. 

Father. Tou will find very little in the 
introductory parts of natural and experimen- 
tal philosophy, that requires much more of 
your attention than many parts of that worl; 
^^ which v'ou have been bo delighted. 



cs- But in some books of natural ph\- 
, which 1 have occasionaily looked 
umber of new and uncommon words 
Tilcxed me ; I have also seen refcr- 
> figures by means of large Icttera 
11, ihe use of which 1 did not com- 

r. It is fi-equently a dangeroun prac- 
youDg minds to dip into subjects 
hey are prepared, by some previous 
Ige, to enter upon them ; since it 
ale a clisiaste for the most iulerest- 
C8. Thus those books which yon 
d with BO much pleasure would not 
Forded you the sniallest enterbUD- 
few years ago, wlien you must have 
t almost every word in each page. 
le sort of disgust will naturally be felt 
>ns who attempt to read works of 
jefore the leading tei-ms are explaia- 
joderstood. The word atiffle is con- 
recurring in subjects of this sort, do 
w what an angle is .' 
a. I do not think I do; will you 
wJwt it means i 



Father. An angle is made by the 
of two straight* lines. In this figur 
1. Fig. 1.) tlierc are two straight I 
Wid Cfl meeting at the poiot b, and dl 
ing made by them is called m\ Linglej 

Ckaries. Whether that be small 
IB it still called an angle i 

Father, It la ; your drawing cos 
may familiarize to your mind the Ida 
angle ; the lines in this figure w3 
represent the legs of the compasses, h 
point B the joint upon which they mo 
turn. Now you may open the legs t 
diaUiiice you please, even ao far that 
shall form one straight line ; in thaq 
tion only they do not form an a 
every other situation an angle is 
^e opening of these legs, and the 
8^d to be greater or leaa> as that 
greater or less. 

Emma. Are not some angles caUi 
. angles ? 
i^H Father. Angles are either rights 

■r 



V4f linea, in works of sc 
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■RODDCTION. 
Wlien the line ab (Plate 1. Fig. a.]^1 
meets another line dc, in such a manner a 
to make the angles abd and abc equal to 
one another, then chose angles are called 
tght angles. And the line ab is said to be 
perpendicular to dc. Hence to be perpen- 
dicular to, or to make right angles wiih a 
line, means one and the satuc thing. 

Charles, Does it signify liow you call th( J 
jetters of an angle .' % 

Father. It is usual to call every angle by 1 
three letters, and that at the angular point 
^ust be always the middle letter of the 
three. There are cases, however, where 
igic may be denominated by a single 
letter, as in figures 1 and 3, the angle abc 
way be called simply the angle b, for in 
^lese figures there is no danger of nitstake» 
tiecaute there is but a single angle at the 
^int B. 

Charles. I understand this, for if in the 
tecond figure I were to describe the angle 
j>y the letter B only, 3-ou would rot know , 
Rbcther I meant, the angle abc or abd. 

Father. That la the precise reason why 
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it is necessary in most descriptions to make I ' 
use of three letters. An acute angle (Fig, r- 
1.) ABC is less than a right angle ; and as 
ohtme angle (Fig. 5.) abc is greater than i 
rigiit angle. 

Emma* You see the reason now, Charleii 
why letters are 'placed against or by the 
figures, which puzzled you before. 

Charles. I do, they are intended to dis- 
tinguish the separate parts of each, in order 
to render the description of them easier both 
to the author and the reader. 

Emina. What is the diiFerence, between 
an angle and a triangle ? 

Father. An angle being made by the 
opening of two lines, and, as you know, that 
two straight lines cannot enclose a space, so 
a triangle abc (Fig. 4.) is a space bounded 
by three straight lines. It takes its name 
from the property of containg three angles. 
There are various sorts of triangles^ but it 
is not necessary to enter upon these particu* 
lars, as I do not wish to burden your me- 
mories with more technical terms than we 
have occasion for. * 
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Charles. A triangle then is a space or 
figure containing three angles, and bounded 
1^ as many straight lines. 

Father. Yes, that description will answer 
our present purpose. 
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COXVERSATION U. 



Of Matter.— Of the DiyisibUity of Matter. 

Father. Do you understand what philo- 
fiophers mean when they make use of the 
word matter ? 

Emma. Are not all things which we see 
and feel composed of matter ? 

Father. Every thing which is the object 
of our senses is composed of matter difier* 
ently modified or arranged* But in a phi- 
losophical sense matter is defined to be ex- 

tended^ solidy inactive^ and moveabk sub- 
stance* 

Charles. If by extension is meant lengthy 
breadth, and thickness, matter, undoubted- 
ly, is an extended substance. Its solidity 
is also manifest by the resistance it makes 
to the touch. 

Emma. And the other properties nobody 
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'ill (kuy, for all material objects arc, 
lemselves, without motion ; and yet it mq 
e readily conceived, that by the applicfti 
on of a proper force there is no body whicb 
innot be moved- But I remember, papa, 
lal you told us something strange about 
K divisibility of matter, which you aai^ 
light be continued without end. 

Father. I did, some time ago, mention 
lia as a curious and interesting subjec 
id this is a very fit time for me to c: 
SID it. 

CHarles. Can matter indeed be infiniteljt 
ividedi for I suppose that thia is what i 
eant by a division without end i 

Father. Uifficuh as this may at first apt 
lar, yet I think it very capable of proo£ 
ui you conceive of a piu-ticle of matter SQ 
lall as not to have an upper and under 

Carles. Certainly, every portion of mabi 
% however minute, must have two siir» 
:e8 at least, and then I see, that it follows 
course that it is divisible. 

Tour conclusion is justi 



though there maybe particles of matter too 
small for us actually to divide, yet this ariaei 
from the imperfection of our irismimentSj 
they must nevertheless, in their nature, bi 
tlivisible. 

Emma. But you were to g;i%'e 
remarkable instunces of the miuuta divisioc 
of matter. 

Father. A few yea.rs ago a lady spun h 
, single pound of wco! intii a thread I58i 
thousands yards lun^. And Mr. Boyle > 
mentions that two grains and a half of silk ' 
^vas spun into a thread i<Xi yard.: in length* 
If a pound of silvt;r, which, you know, con- 
tains 5760 grains, and a single grain of g'lld 
be melted together, the gold will be equally 
I diffused through the whole silver, inso* 
^ lAuch that if one gruin of the mass be dis- 
I solved in a liquid called Aqua For tit, 
\ which is diluted nitric acid, the gold will 
fall to the bottom. By this exfi^riment 
evident that a grain may be divided in- 
to 5761 visible parts, for only the S7tilst 
I of the gold is contained in a single 
I I of the mass. 

i gold'beaters, whom 70W Vsvc «dS 
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at work in the shops in Long-Acre, can 
spread a grain of gold into a leaf containing 
50 square inches, and this leaf may be read- 
ily divided into 500,000 parts, each of which 
is visible to the naked eye : and by the 
help of a microscope which magnifies the 
area or surface of a body 100 times, 100th 
part of each of these becomes visible, tliat 
is, the 50 millionth part of a grain of gold 
will be visible, or a single grain of that 
metal may be divided into 50 million of vi- 
sible parts. But the gold which covers the 
silver wire used in making what is called 
gold lace, is spread over a much larger sur- 
face, yet it preserves, even if examined by 
a microscope, an uniform appearance* It 
has been calculated that one grain of gold 
under these circumstances would cover a 
a surface of nearly thirty square yards. 

The- natural divisions of matter are still 
more surprising. In odoriferous bodies, such 
as camphor, musk, and asafoctida, a won- 
derful subtilty of parts is perceived, for 
Aough they are perpetually fillmg 2l cow- 
siderable space with odoriferoua pat\Ac\.» 



yet these bodies lose but a very small part 
of their weight in a great length of time> 

Again, it is said by those who have ex- 
amined the subject with the best glasses, 
and whose accuracy may be relied on, that 
there are more animals in the milt of a single] 
cod-fish, than there are men on the whtJd 
earth, and that a single grain of sand is larger 
than four millions of these animals. Now if it 
be admitted that these litde animals are 
possessed of organized parts, such as a. 
heart, stomach, muscles, veins, arteries, &c. 
and that they are possessed of a complete 
system of circulating fluids, similar to what 
is found in larger animals, we seem to ap- 
proach to an iclea of the infinite divisibility 
of matter. It has indeed been calculated 
that a particle of blood of one of these ani- 
niacala is as much smaller than a glohe one 
tenth of an inch in diameter, as that globe is 
Bntaller than the whole earth. Nevertheless, 
if these particles be compared with the par- 

3 of light, it is probable, that they would 

s found to exceed them in bulk as much 

tntains do single gvAins ot aariA.-, 
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in thousBiid species of tha insect kind ! 

l/Mt to the nsked eye, so wondrous small 

Were millions join'd, one grain of sand would cover allj^. 

Yet each within its little bulk, contains 
A heart which drives tlie tortent through its veins : 
Muscles to move its limbs aright : a brain 
And nenres disposed for pleasure and for pun : 
Eyes to distinguish : sense whereby to know 
What* s good or bad ; is, or. is not its foe. Baksb. 

I might enumerate many other instances of 
the same kind, but these, I doubt not, will be 
sufficient to convince you into what very 
minute parts matter is capable of being di- 
vided : and with these we will put an end to 
our present conversation.. 
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CONVERSATIOX III. 



or the Atlraction ofColiesion. 

FATHER. Well my children, We 
reflected upon what we last conversed 
Do you comprehend the several inst: 
which I enumerated as examples of 
minute division of matter ? 

Einina> Indeed the examples which 
gave us ver>- much excited my wonder 
admiration, and yet from the thinness 
some leaf-gold which 1 once had, I can 
readily credit all you have said oB that part 
of the subject. But I know not how to 
conceive of such small animals as you 
described; and I am etill more at a loss 
how to imagine that animals so minute* 
should possess all the properties of the larger 
oaes, such as a heart, veins, blood, &c. 
jfatAer. I can the next bngVii nvQivim^, 
IT the help of my solar miCTosto^e* *^a« 



fm very distinctly, the circulation of t1 
''lood in a flea, which you may get frota-l 
^our little dog ; and with better (_ 
ian tiiose of which I am posseaaed, the 
iBinc appearance might be seen in animals . 
dll smaller than the flea, perhaps, even in^ 
hose which are themselves invisible to the^ 
aked eye. But we shall converse more 
t large on this matter, when we come t 
pnsider the subject of optics, and tlie col 
ruction and uses of the solar microscope^ 
]f. present we will turn oui' thoughts 
lat principle in natttr^ "which philosophei 
ftve agreed to call gravity or attrac 
■ Charles. If there be no more difficiiltiei 
t philosophy than we met with in our lasfti 
ctuK, 1 do not fear but that we shall, 
^nenti, be able to understand it< Are therd 
pt, piq)a, several kinds of gravity i 
'. Father' Yes, there are ; two of whicifc 
jwill be sufficient for our present purpose 
r describe ; the one is die attraccian i 
|A«wn,- the other that of ^Towi/o/ion. Thtf 
fraction of cohesion is that power whicb 
•^ parts of bodiea togethfiivi\\fcxi'Oi 



touch, and prevents them from separad^H 
or which inclines the parts of bodies to di'^H 
when thcv are placed sufficiently neail^H 
each other. ^H 

Charles. Is it then by the attractioifl^ 
cohesion that the parts of this table» or off 
the pen-knife, are kept together ? 

Father, The instances which you have 
selected are accurate, but you might have 
s^d the same of every other solid substance 
in the room, and it is in proportion to Ae 
different degrees of attraction with which 
different substances are aff'ected, that some 
bodies arc hard, others soft, tough, &c. A 
philosopher in Holland, almost a century 
ago, took great pains in ascertaining the 
different degrees of cohesion, which belonged 
to various kinds of wood, metals, and many 
other substances. A short account of the 
experiments made by M. Musschenbroek, 
you will hereafter find in your own language* 
in the second edition of Dr. Enfield's Insti- 
tutes of Natural Philosophy. 

C&arUs. You once showed me that two 
D imJigti having a UlUe acn.^^ Vxck^ 



i 



the surfaces, would siiclt together with great 
force j you called that, 1 believe, the attrac- 
tion of cohesion ! 

Father. I did ; some philosophers, who 
have made this experiment with great atten- 
tion and accuracy, assert, that if the flat 
surfaces, which are presented to one another, 
fce but a quarter" of an inch in diameter, 
kcraped very smooth, and forcibly pressed 
together with a twist, a weight of a hundred 
pounds is frequently required to separate 
ibem. 

As it is by this kind of attraction thatJ 
the parts of solid bodies are kept together, so 
ivhen any substance is separated or broken, 
[l is only the attraction of cohesion that is 
Bvcrconie in that particular part. ■ 

Emma. Then, papa, when I had ttiitH 
Misrortune this morning at breakfast, to let " 
rny sauctr slip from my hands, by which it 
waa broken into several pieces, was if only 
ihe attraction of cohesion that was overcome 
by the parts of the saucer being separated by J 
its ^1 on the ground ? fl 
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luckily hre^k the chma, or cut a.ittdk^ 
your km&9 or melt leiul over the fim,' 
your brother sometiines does^ in order- 
make plum^onets ; tfaeee, and a, diovte 
other instances, which are coatinnaUyJi 
curring, are. but exmnpl^ in wkich diei 
hesioif is Overcome by the ftUj 'die kail 
or the fire*. ' ^ 

Emmcu The brdcen saucer iheing kig| 
valued by mamma^ she hoi taken Aepa 
to join it again with #hite lead, . vas ;ti 
performed by means of the attraction of < 
hesion ? 

Father • It wtts, my d^r, and hence j 
will easily learn that many operations 
cookery are. in fact nothing piore llan i 
ferent methods of. causing this at^ractioi] 
take place. Thus -floor, by itself, has fifi 
or nothing of this principle, but whan mis 
with milk, or odier liquids, to a, pro; 
consistency, the parts cohere^ stronglyf i 
this cohesion in many instances becoi 
still stronger, by means of the he^ appl 
to it in boiling or baking. 

'*-le8* Tou put me in mind papa^ 



^•* 



ibk of the man blowing hot and cold : 
I the instance of the leady fire orer- 

a the attraction of cohesion ; and the 
same power, heat, when applied to pud- 
dings, trend, &c. causes their parts to cohere 
more powerfully. How are we to tmdci^ 
Btand this ? 

Father- I will endeavour to remove your 
difficulty, lleat exp^ds all bodies without 
excepdon, as you shall see before we have 
finished our lectures. Now the fire applied 
to metals in order to melt them, causes 
such an expansion, that the particles are 
thrown out of the sphere, or n^ach of each 
other's attraction : whereas the heat com- 
tniinicated in the operadons of cookery, is 
sufficient to expand the pardcles of flour, 
but is not enough to overcome the attraction 
of Gohesiont Hesidts, your mamma will 
tell you that die heat of boiling would fre- 
quently disunite the pans of which hfr 
puddings are composed, if she did ncit take 
the precaution of enclosing them in a cloth, 
leaving ihcm just raom enough to 'expand 
w idiout the liberty of breaking to piece.* ■, 
^Kj^t/ic- moment thev are taVen tlom^SI 
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water, ihcy lose their superabundant 1: 
and become solid. 

Emma. When Ann the cook makes ■ 
for little brother, it is the heat ther 
overcomes the attraction which the par 
of meat have for each other, for I 1 
seen her pour off the broth, and the n 
all in rags. But will not the heat ove 
the attraction which the parts of the fc 
have for each other f 

Father. The heat of boiling i 
never effect this, but a machine w 
ed several years ago, by Mr. I'apin, fori 
purpose. It is called Papin'a digester, ' 
is used in taverns, and in many large fi 
lies, for the purpose of dissolving bone^ 
completely as a lesser degree of heat I 
liquefy jelly. On some future day 1 4 
show you an engraving of this machi 
and explain its different parts, which I 
extremely simple*. 
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CONVERSATION IV. 



of Cohesion. 



jf-JTBES. I will now mention some 
9^r instances of this great law of nature* 
If two poUshed plates of marble, qr brass, 
be put together, with a little oil between 
them to fill up the pores in their surfaces, 
they will cohere so powerfally as to require 
a very considerable force to separate them. 
—Two globules of quicksilver placed very 
near to each other, will run together and 
Ibrm one large drop. — Drops of watef 
will do the same. — ^Two circular pieces 
of cork placed upon water at about an 
inch distant will run together—Balance a 
piece of smooth board on the end of a scair 
beam ; then let it tie flat on water, and five 
or six limes its own weight will be required 

I, aeparate it from ttle^vaxcI. \l a.«BJj 
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globule of quicksilTer be laidoki tlemkptpet$ 
and a piece of glass be brought into ooiitafil li 
with it, the mercmy will Hcttiere to it, «ly 
be di-awn away from the papen But bnii||: 
a larger globule - into contact lAh ^ ik$ 
sTTidller ont^ and it Will forsake tfa^ g^Hl' 
and unite with the othet quicksilver* '■'. |i 

Charles* Did not you tell me that h Wis 
by means of ihe attnKtioQ of.ipphwoilyllltl 
the little tea^ which is :genen|% ]e$|; 9i|.f|^ |i 
bottom of the cup instant^ .Mc^soda-^ln ^ 
sugar when thipwn iDtQ.it i • .?r, ■ ,, O)^, 

Father^ , Ths. asc^t of watOF^ or fii^ 
liquids in jSugf^i*^ fipf>Bgt3| andv^ porqda ^ 
bodies is a species pf tlii^'atlx'aci^iony Sdo^ J9 
called cfipill^ry* attrQC$ion ^ it is d)||».d<^ 
nominated from the.prQp^r^wIui;)^ tiil)^ 
of a very small boiie, scarcely largtrthai^XP^ 
admit a hair, hav^ q£ causing watei^ 8M4 

above its level. . ^. .\ ;: 

^ • • • ' ■ . - ■ «■ 

Char ks. ..Is this property vis'ri;>le. in |ID 
other tubes than those* the bores of whiok' . 
?ire so exceedingly fine ? *■• / 

■ ^ '■'!<, , ■ .'. ' : asgsaftsaaa=aaa^BMM>.''': 

■ ■■ '' 



I Father. Yes, it is very apparent in tubes 
whose diameters are one tenth of an inch or 
poore in length, but the smaller the bore, 
pie higher the fluid rises ; for it ascends, in 
|tl iostances, til! the weight of the column 
of water in the tube ba.laDccs, or is equal to 
ihe attraction of the tube. By immersing 
(ubeaofditfercnt bores in a vessel of coloured 
water, you will see that the water rises as 
much higher in the srcialler tube, than in 
the larger, as its bore is less than thut of 
ihe larger. The water will rise a quarter 
of an inch, and there remain suspended in 
B tube, wliose bore is about one eighth of 
an inch in diameter. 

This Icind of attraction is well illustrated, 
by taking (Plate I. Fig. 5.) two pieces of 
^lass joined together at the side bc, and 
Jtept a little open at the opposite side ad, by 
a small piece of cork £. In this position 
immerse them in a dish of coloured water, 
JG, and you will observe that the attraction 
of the glass at, and near bc, will cause the 
fiuid to ascend to b, whereas about the 

KD, It scarcely rises above tK«\aN<iV<^^ 
ter jn the vessel. ^M 



Charles, I see that a curve Ts formed 1^1 
the water. ■ I 

Father. There is, and to this curve thci^l 
fire many curious properties belonging ■ 
you will hereafter be able to investigate fisra 
yourself. 

Emma. Fa it not upon the principle of I 
the attraction of cohesion, that carpenten f 
glue their work together ? 

Father. It is upon this principle that 
carpenters and cabinet-makers make use of 1 
glue; that braziers, tiumen, plumbers, &c. 
solder their metals ; and that smiths unite 
different bars of iron by means of heat. . 
These and a thousand other operations, of I 
which we are continually the witResses^ ^ 
depend on the same principle as that which . 
induced your mamma to use the white lead 
in mending her saucer. And you ought to 
be told, that though white lead is frequently 
used as a cement for broken china, glass, 
and earthen ware, yet if the vessels are to 
be brought again into use, it is not a proper 
cement, being an a.c\\yc poison ; besides, i 
tuach strongttr liaa b^eti discovtvei^ 



s, qhJ 



'ION OF coHEgrow. a 
believe, by a very able and ingcnicius philo- 
Boph«r, the late Dr. Ingenhouz, at leaet I 
bsd it (rom him several years ago ; it con- 
sists simply of a mixture of qtiick-Ume, 
Hod Glocester cheese* rendered soft 
varm water, and worked up to a pro] 
consistency. 

What! do such great phil( 
Jihers, as I have heard you say Dr. Ingea- 
boiU! was, attend to such triBing things as 
ttiese? 

father- He was a nrian deeply skilled 
tOMoy branches of science ; and I hope tl 
you and your brother will one day maki 
yourselves acquainted with many of his 
important discoveries. But no real philo- 
sopher will consider it beneath his atten- 
tion to add to the conveniences of life. 

Charles. This attraction of cohesion 
seems to pervade the whole of nature. 

Father. It does, but you will not forget 
that it acts only at very small distancen 
Some bodies indeed appear to possess 
power the reverse of the attraction of col 
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Emma. What is that, papa i 
Father. It is called repulsion. 
Thus water repels most bodies till the^ 
wet. A small needle carefully placet 
water will swim ; flies walk upon it with 
wetting their feet : 

Or balhc unu-et tlieir oily fovms, aod dw^t ] 
Willi le«t repukive on the d^mplln^ well. 



The drops of dew which appear in 
iog on plants, particularly on cabbuge plants, 
aeeiune a globular form, from the mutual 
attraction between the particles of water ; 
and upon examination it will be found thai 
the drops tlo not touch the leaves, for they 
will roll off in compact bodies, which could 
not be the case if there flubaisled any degree 
of attraction between the water and the 
leaf. 

If a small thin piece of iron be laid upoa 
qnicksilver, the repulsion between the dif- 
ferent metals will cause the surface of the 
rpcar ^e irqn to be depressed. 



repelling force of the particles of a 
. but small; therefore, if a fluid be 
ided it easily unites again. But if a 
or any hard subscaoce be broken, the 
IS cannot be made to cohere without 
ling first moistened, because the repulsion 
Ss too great to admit of a reunion. 
' The repelling force between water and 
.oil is likewise so great, that it is impossible 
to mix them in such a manner, that thcyr 
ishall not separate again. 

If a ball of light wood be dipped in oiI| 
and then put into water, the water will re* 
cede so as to form a small channel aroiuui- | 
the ball. 

Charles. Why do cane, steel, and mai^'J 
other things bear to be bent without b 
ing, and when set at liberty again, recoi 
their original form i 

Father, That a piece of thin steel, or 
cane, recovers its usual form after being 
betit, is owing to a certain power, called 
f&uticitifi which may, perhaps, arise from 
Xht paniclet of those bodies, though dis- 
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turbed, not being drawn out of each other's 
attraction ; therefore, as soon as the force 
upon them ceases to act, they restore them* 
selves to their former position-— But ouf 
half hour is expired, I must leave you* 
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CONYERSATION V. 



or Uie Attraction (iFGrat 

FATHER, We will dow proceed to 
discuss another very important general prin- 
ciple in nature ; the attraction of graviia- 
it is frequently termed, gravity, 
Vhicb is that power by which distant bodies 
tend towards each other. Of this we ha^ 
perpetual instances in the falling of boc 
to the earth. 

Charles. Am I then to understand, that" 
whether this marble falls from my hand ; or 

loose brick from the lop of the hotise ; 
or an apple from the tree in the orchard,- < 
that all these happen by the attraction C 
gravity? 

father. It is by the power which ; 
commonly expressed under the term gravity, 
idl bodies whatever have a len^'::Ttc^ Xb 



-* that 

ise; 



the earth, and, unless supported, will fa^^H 
lines nearly perpendicular to its surfacti^^H 

Emma. But arc not smoke, steam, ^^| 
Other light bodies which we see asc^^H 
exceptions to the genentl rule ? ^^M 

Father. It appears so at Brst sight, ^^M 
it was formerly received as a general opii^^^| 
that smoke, steam, &c> possessed no weig^^J 
the discovery of the air-pump has shc^^f 
the fallacy of this notion, for in an cxhauii^^| 
I receiver, that is, in a glass jar from w^^^| 
die air is taken away by means of the ^^H 
pump, smoke and steam descend by tl^^| 
own weight as completely as a piecd^^f 
lead- When we come to converse on ^^M 
subject of pneumatics and hydroitatics* ]^^| 
will understand that the reason why sm^^f 
and other bodies ascend, is simply beca^^J 
they are lighter than the atmosphere wt^^| 
siUTOunds them, and th^ moment they re^^f 
that part of it which has the same grai^^| 
with themselves they cease to rise. ^^M 

Charles. Is it then by this power that^ 
oS tetrestriai bodies remain fti-m on the 



f'tdha: By gravity, bodies on all pans 
die earth (which you know ia of a globular 
m) arc kept on its surface, because they 
, wherever situated, tend to the centre; 
1, since all have a tendency' to the centre, 
I iohabitants of New Zealand, although' 
irly opposite to our feet, stand as firm aa. 

do in Great Britain. 

Charles. This is difficult to comprehend ; 
?ertheleas, if bodies on all parts of tlic 
■fece of the earth have a tendency to the, 
itre, there seems no reason why bodies 
mid not stand firm on one part as well 
another. Does this power of gravity act 
ce on all bodies t 
Father. It does, without any regard tt? 
;ir figure, or size ; for attraction or gravity 
B upon bodies in proportion to the quantity 
matter which they contain, that is, four 
lea a greater force of gravity is exerted 
una weight of four pounds, than upoa 
t of a single pound. Tlie consequence 

thh principle is, that all bodies at equal 
itances from the earth lull with_ etju! 
IntilV- 




Emma. What do you meaii, papu 
vetotity ? 

Father, I will explain it by ar 
or two ; if you and Charles set out togi 
and you walk a mile in half an hour*^ 
he w^k and run two miles in the 
time, how much swifter will he go \ 
you i 

Emma. T^vice as awift. 

Father. He does, because, in the 
timet he passes over twice as much b| 
therefore we say his velocity is twice as d 
as yours> Suppose a ball, iircd froj 
cannoni pass through 800 feet in a 
of time ; and in the same time yc 
iher's arrow pass through 100 feet i 
how much swifter dots the cannon ball^ 
than the ai'row i 

£mma, F.ight times swifter. 

lather. Then it has eight times J 
velocity of the arrow ; and hence ; 
understand that swiftness and velocity^ 
lous terms ( and that tht 
V is measured by the spac< 



uver in a given time, as a second, a minute, 
an hour, he. 

Emma. If 1 let a piece of metal, as a 
penny pitce, and a feather fall from my hand 
at the same time, the penny will reach the 
ground much sooner than the feather. \ow 
how do you account for this if all bodies 
are equally affected by gravitation, and 
descend with equal velocities, whtii at the 
same distance from the earth ? 

i-'athcr. Though the penny and feather 
will not, in the open air, full with equal 
velocity, yet if the air be taken away, which 
t^easilydone, by a lit tie apparatus connected 
whh the air-pump, they will descend in the 
same limc. Therefore the true reason why 
ti^t qod heavy bodies do not fall niih 
equal velocities, is, that the former, in 
pmportion to its weight, meets with a much 
greater resistance from the air than the 
btte'r. 

Charles, It is then, I imagine, from the 
flame cause that if I drop the penny asd a 
^iece of light wood into a vessel of water, 
ilty shall reach the bottom, Wt 'lV. 
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wood, after descending a small way, rises 
to the surface* 

Father. In this case the resisting medium 
is water instead of mr, and the copper being 
about nine times heavier than its bulk of 
watery falls to the bottom without apparent 
resistance. But the woody being much 
lighter than water, cannot sink in it, there- 
fore, though by its momentum^* it sinks a 
small distance, yet as soon as that is over- 
come by the resisting mediunriy it rises to 
the surface, being the lighter substance* 



* The explanation of tius term will be found iii the 
itext Conversation^ 
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CONVERSATIOiV VI. 



Of the AltTMtion of GnTitatlon. 

t3iA. The term momentum which 
uulc use of yesterday, is another word 
1 1 do not understand. 
'her. If you have understood what 1 
»id respecting the velocity of moving 
), you will easily comprehend what is 
: by the word momentum. 
B mementum, or moving force of a 
is its weight multiplied into its veloci- 
ou may, for instance, place this pound 
t apon a china piate without any dan- 
f breaking, but if you let it fall from 
eight of only a few inches it will dash 
hina to pieces. In the first case, the 
\aa only the pound weight to sustain, in 
j/BTf^ weight roust he m\i\u^V\t,i'-a^ 



to the velocity, or, to speak tn a po^| 
manner, into the distance of the height ^M 
which it fell. H 

If a ball a (Plate 1. Fig. 6-) lean agfl 
the obstacle b^ it will not be able to dB 
turn it, but if it be taken up to c and st^H 
cd to roll down the inclined plane ab ag;fl 
i it will certainly overthrow it; — u^fl 
former case, 6 would only have to resisM 
weight of the ball a, in the latter it h^| 
resist the weight multiplied into its mofl 
or velocity. ^M 

Charles. Then the momentum of a ifl 
bodyi whose velocity is very great, ni:^| 
equal to that of a very large body wlH 
slow velocity. fl 

Father. It may, and hence you aeefl 
reauon whj' immense battering rams, tu| 
by the ancients, in the art of war, have gh 
en place to cannon balls of but a few pauM 
weight. "^ 

Charles. I do, for what is wantmg^ 
weight, is made up by velocitj-. { 

father. Can you tell me what veloci^ 
taonon ball of 28 pounds must have to ej 
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lie eame purposes^ as would be prodi 
' a battering ram of 15,0OO pounds 
Weight, and which, by msnual strei 
tcouici be moved at the rate of only two 
[in a second of time ? 

Charles. I think I can ; — the momentum 
[of the battering ram must be estimated by 
* weight) multiplied into the space passed 
r ID a second, which is 15,000 multiplied 
y two feet equal to 30,000 : now if this 
IDomeiituai, which must also be that of the 
^annon ball, be divided by the weight of the 
diall, it will give the velocity required ; and 
|i80,OOU divided by 28, will give for the que- 
rent 1072 nearly, which is ilie number of 
t which the cannon ball must pass ovei- 
a second of time, in order that the mo. 
Bicnta of the battering ram and the ball may 
e equal, or in other worda, that they ma\ 
le same effect Ln beating down an 
laeiny's wall. 

Emma, I now fully comprehend what the 
lomentum of a body is, for if I let a com- 
mon trap-ball accidentally fall from tny 
a my foot, it occstaions moxe, ^w. 




than the mere pressure of a weight »ei 
tlmea heavier. 

Charles. If tfte attraction of graviu 
he a power by which bodies in general 
towards each other, why do all bodies 
to the earth as a centre i 

Father. I have already told you tha 
the great law of gravitaUon, the attni 
of all bodies is in proportion to the qua 
of matter which they contain. Now 
earth, being so immensely large ia COM 
sou of all other suhstanccs in its vici 
destroys the effect of this attractioa bet 
sranller bodies* by bringing them all t 
self. — If two balls are let fall from a 
tower at a small distance apart ; though 
have an attraction for one another, ) 
will be as nothing when compared mil 
attraction by which they are both imp 
to the earth, and consequently the tend 
which they mutually have of approai 
one another will not be perceived ii 
£all< If, however, any two bodies 
placed in free space, and out of the sj 
of the earth's attraction, they would, in 



case, assuredly fall toward each other, and 
h increased velocity as they cnme 
J{ the bodies were equal* they 
(ie«t in the middle point between 
; but if they were unequal, they 
then meet as much nearer the larger 
that contained a greater quantity of 
than the othiT. 

•ie$- According to this, the eanh 
ne towards falling bodies, as 
^M they move to It. 
Father. It ought, and, in just theory, it 
Joes; but when you calculate how many 
milliun of limes larger the earth is than 
any thing belonging to it, and if you reckon 
at the same time, the small distances from 
which bodies can faU, yu will know that 
the point where the failing bodies and 
eanh will meet, is removed only to an 
indefinitely small distance from its surface, 
a distance much too small to be conceived 
by the human imagination- 

jf^c will resume the subject of gravity 



we can hare access ; for a mile or t« 
which is much higher than, in general, ( 
have opportunities of making cxpcrimetUii I 
is nothing in comparison of 4O00 miles, tb> I 
distance of the centre from the suifiice of ] 
the earth. Out could we ascend 4000 mitet | 
sbovc ihe earth, and of course be double the 
distance that we noiv are from the centre, 
we should there iind that the attractive 
force would be but one fourth of what it it 
here ! or ia other words, that a body, whiclli 
at the surface of the earth, weighs one 
pound* and, by the force of gravity, falls 
through sixteen feet in a second of lime* 
would at 4000 miles above the earth weigh 
but a quarter of a pound, and fall through 
only four feet in a second.* 



* Ex. Siippow it were required to nnil tbe « 
■ leadcui bull, It the tot> of ■ mountain thiTem 
I bigh, which, on the sart'aix «f the eailh weighs 30|lhJ 
I If the ijcini-diaineter of tlie curlli be tukeii at # 
I ibeu Mill U> this Uie height of the nHiuiitdn, u 
I (b£ »H>late of 4003 i» lu the iqunrc of 4000, a 



£mma. How is that known, papa, for no- 
body ever was tliere ? 

Father' You are right, my dear, for (iar- 
Bchn, nho last summer astonished all the 
^oplc of the metropolis and its neighbour- 
hood, b>' his flight in a ballnOD, ascended 
but a litde way in comparison of the dis- 
:aace that we are speaking of. However, 
I trill try to explain in ^vhat mnnner philoso- 
phers have come by their knowledge on this 
subject. 

The moon is a heavy body connected 
with the earth by thia bond of attraciion, 
and by the most accurate obaervationa, it is 
ImoWn to be obedient to the same laws as 
other heavy bodies are : its distance is also 
clearlyascertained,beingabout 240,000 miles, 
or equal to about sixty semidiamelera of 
the earth and of course the earth's attraction 
npon the moon ought to dimiuisli in the pro- 
portion of the square of this distance, that is, 



50: 19.97 or something more thsii 191b. ISJoi. whieli 
is the weight of Uie Iciden tmll at the top of the mouo- 
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it ougKt to be RO times 60, or 3600 times J[ 
at the moon than it is at the surface of'i| 
earth. This is found to be the case. 

A^Tain, the earth is not a perfect s| 
but a spheroid, that is, of the shape o 
orange, i-ather flat at the two ends callec 
poles, and the distance from the cente^ 
the poles is alioiit eighteen or nineteen r 
less than its distance from the centre t 
equator* consequently, bodies ought t 
something heavier at, and near the j 
than they are at the equiitor, which is^ 
found to be the case. Hence it is infe^ 
that the attraction of gravitation viiri 
all distances from the centre of the i 
in proportion as the squares of those J 
tances increase.* 

(Jhar/es. It seems very surprising i 
philosophers who liave discovered so n 
things, have not been able to find c 
cause of g^a^-ity. Uad Sir Isaac Nei 
been asked why a marble, dropped from 
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be not haw'a 



lliand, iails to the ground, could he 
S9SigiK<L a rcasun i 

Father' That great man, probably the 
greatest man that ever adorned ibis world, 
vas as modest as he was great, and he would 
lave told you he knew not the 

1'he excelicnt anci learned Dr. Price, ti|] 
« work which he published twenty -five ycaia 
Rgo, asks, " who does not remember a lime 
when he would have wondered at the ques- 
tion, ivhy docs vjater rundo^un hill? What 
Sgnomnt man is there who is not persuaded 
(that he understands this perfectly ? But 
levery improved man knows it to be a ques 
tion he cannot answer." For the descei^.1 
bf water, like that ol other heavy bodkflf, 
depends upon the attraction of gravitatioHfj 
Ihe cause of which is still involved in dariC' 
Dees. 

Emma. You just now said that heavy 
bodies by tlie force of gravity fall sixteen 
feet in a second of time, is that always the 
Base? 

Father. Tea, all bodies near the surfa) 
.«a«tb &11. •» that rate iu. ifaft ~ 
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second of time, bm as the attracri( 
vitation is continually acting, so thev 
. of falling bodies is an increasing, or 
usually called, an accflerating veloci' 
is found by very accurate expcrimeiii 
a body, descending from a conait 
height by the force of gravity, falls 
in the first second of time ; U limes 
in the next ; S times 16 feet in the tli 
times 16 feet in the fourth second of 
and so on, continually increasing ac( 
10 the odd numbers, 1. 3, 5, 7, 9, 11 
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EMMA. And would a ball of t 
pounds weight here, weigh half an ouncvl 
leas on the top of the mountain .' 

Father. Certainty : but you would i 
be able to ascertain it by means of a pair 
scides and another weight, because bo^ 
"Weights being in similar situations wouUj 
Jose equal portions of their gravity* I 

Emma. How, then, would you make the 
experiment ? 

Father. By means of one of those steel 
p[Hral-apring instruments which you have 
wen occasionally used, the fact might be 
ascertained. _ 

Charles, I thinV, from what )'ou told UttJ 
yesterday, that with the assistance of youcfl 
HbdBC^^ could tell ihe \\e\c^X oS. ^fl 

mm g 
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place, by observing the number of s 
that a marble or other heavy botly v 
take in falltDg from that height. 

Father, How would you perform the^ 
culation i 

Charles. I should go through the i 
plications according to the number* 
seconds, and then add them together. 

Father. Explain yourself more parlictJ 
Jy ;— supposing you were to let a marb^ 
penny-piece fall down that deep well v 
we saw last summer in the brick field ( 
Itamsgate, and that it was exactly five se- 
conds in the descent, what would be the \ 
depth of the well ? I 

Charles. In the first second it would fall 1 
16 feet ; in the next 3 limes 16 or 48 feet) . 
in the third 5 times 16 or 80 feet ; in the < 
fourth 7 times 16 or 112 feet; and in tho-J 
fifth second 9 times 16 or 144 feet : now if ■ 
I add 16, 48, 80, 112, and 144 togetlier, the ] 
sum will be 4O0 feet, which, according to 
your rule, is the depth of the well. Bul^ 
well so deep I 
t do not tViinV, n vi^?,, \ixsS 






ibugh your calculation was accurate, 
: was not done as nature effects her ope- 
18, it was not performed in the shortest 

arks* I should be pleased to know an 
r method; this, however,- is very sim- 
it required nothing but multiplication 
iddition. 

ther* True, but suppose 1 had given 
ui example in which the num!;er of sc- 
i had been fifty instead of five, the work 
d have taken you an hour or more to 



the scjoAHES ofthe limes increeae. 
({uently you have onlj' to equAre the 
ber of seconds, that is, you know, to i 
ply the number into itself; and theo i 
ply that again by sixteen feet, the 
which it describes in the lirat second 
you have the required anBwer. Moi 
the example of the rveH. 

Charles. The square of 5, for the 
19 25, which multiplied by IG gives 
just as I brought it out before. Now 
seconds had been 50, the answer woul 
30 times 50, which is 2500, and thi 
plied by J6, gives 40,000 for the a 
quired. 

Father- I will now ask your sister a 
tioa to try how she has understood i 
ject. Suppose you observe by thi 
that the time of the flight of your broi 
nrrow is exactly six seconds, to what 
does it arise i 

Emma. I'hia is a diSerent question, 
cause here the ascent as well as the 
'he arrow is to be considered. 

r. But you will remember, lJi3^J] 
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ime of the ascent is always equal to that ot 
jhe descent; for as the velocity of the <|c- 
■cent ia generated by the force of gi'avity< 
u is the velocity of the ascent destroyed bv 
the same force. 

Emma. Then the arrow was three seconds 
only in falling ; now the square of 3 is 
which multiplied by I6| for the number 
ket described in the first second, ia equal 
144 feet, the height to which it rose. 

Father. Now, Charles, if I get you a bi 
which will carry an arrow so high as to be 
fourteen seconds in its flight, can you telt 
me the height to which it ascends? 

Charies. I can now answer you without 
(ttisitation :— it will be 7 seconds in falling, 
Qie stiuare of which is 49, and this again 
Multiplied by 16 will give 784 feel, or ra- 
fher more than 261 } ards for the answer. 

Father. If you will now consider the ex- 
ample which jou did the long way, you will 
ice that the rule which I have given you 
tnswers very completely. In the first sc- 
Bood the body fell 16 feet, and in the next 

Bje added together make &4, >«\\\<^"\s. 



the square of the 2 seconds multiplied by I& 
The same holds trae of the 3 first secODdS) 
for in the third second it fell 80 feet, whici 
jidded to the 64, give 144 equal to tb( 
square of 3 multiplied by 16. Again, in 
the fourth second it fell 112 feet, which ad- 
ded to 144, give 256 equal to the square d 
4 multiplied by 16 : and in the fifth second 
it fell 144 feet, which added to 256, g^i 
400 equal to the square of 5 multiplied b) 
16. Thus you will find, the rule holds ii 
all cases, that tlie spaces described by f>o£a 
faUing fretlyfrom a state of rest, incrtaai 
as the sgUAaES of the times increase, 

Charhs. I think I shall not lorget the mle, 
I will also show my cousin Henry how he 
nay know the height to which his bow wiO 
carry. 

Father. The surest way of keeping whM 

wledge we have obtained, is by connntU' 

; it to our friends. 

jrlea. It is a very pleasant ctrcuni* 

: indeed, that the giving away is dd 

method of keeping, for I am sure, du 



being able to oblige one's friends is a mouJ 
tleJightfuJ thing. 

Father. I have but a word or two more 
on the subject :— since the whole spaces (le- 
flcribed increase as the squnrcs of ihe times 
increase, so also the velocities of falling bo- 
dies increase in the same proportion; for you 
Imow liiat the velocity must be measured by 
the space passed through. Thus if a person 
Iravels six miles an hour, and another person 
trsvels twelve miles in the same time, the 
Jaiter will go with double the velocity of the 
fomicr : consequently the velocities of falling 
bodies increase as the squares of the timea i 



If now you compare the spaces deacribedp 
by falling bodies in the several moments gf ' 
time taken sefiaratelif, and in their order 
from the beginning of the fall, then they, and 
consetjuently their velocities als6, are to one ■ 
Mother as the odd numbers, 1,3,5,7,9,11*^ 
13, Gic. taken in their natural order, a 
Brill observe by reficcting on the foregoiOj 
^"nmples. 

tlua wc conclude our pre&tM. ,« 
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r^"A)es not fall wiihui the base, Hie 
LvriUfnU. 

H place the piece of wood a (Plate i. 
H.) on the edge of a table, and from a 
l|at its centre ol" gravity te hung a litllc 
bt ^, the line of direction ab falls within 
Base, and therefore, though the wood 
1^ yet It stands secure. But if upon a. 
btr piece of wood n be placed, it is evi- 
tehai the centre of gravity of the whole 
Pe now raised to c, ai which point if a 
Abe hung, it will be found that the line 
jtection falls out of the base, and thei-c- 
Ine bodv must fall. 

I think I now see the reason of 
; which you gave mc, when we 
g across the Thames in a boat. 
1 told you that if ever you M'ere 
ilten by a storm, or by a squall of wind 




I so gel the better of youi as to make 
le from your seat, because by 3o do- 
X would elevate the centre of gravit)-, 
^ as is evident by the last expe- 
;, innease the danger ^ whereas, if 3U 
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the iH^rsons in the vessel were, at the moment 
of ii-inger, instantly to slip from their places 
on to the bottom^ the risque would be ex- 
ceedingly diminished, by bringing the centre 
v>f gravity much lower within the vessel. 
Tnc same principle is applicable to those 
w ho may be in danger of being overturned in 
a-ty carriage whatever. 

£ytv^iX* Surely then, p.^pa, those stages 
whivh load their tops with a dosen or more 
pcv.>;^le% cannot be safe for the passengers. 

Fatshrr. 'ITiey are ver\- unsafe, but they 
would be more so, were ni. t die roads about 
the metropolis remarbibly even and good : 
and, in gencraU it is only within twenty or 
thirty miles of London, or other great towns, 
that the tops of carriages are loaded to 
excess. 

Charles. I understand then, that the 
nearer the centre of gravity is to the base of 
a bodv» the firmer it will stand. 

Father. Certainlv ; and hence vou learn 
the reason whv conical bodies stand so 

m 

sure on their bases, for the tops being small 
|j ison of the lower parts, the centre 




SOP GRAVITV. 
af gravitj' is thrown very low : and if t 
Mwe be upright or perpendicular, the line a 
direction falls in the middle of die base, 
ivhich is another fundamental property of 
Iteadineas in bodies. For Hxe broader the 
iaae, and the nearer the Tme of direction is 
O the middle of it, the more firmly doea a 
>ody stand : but if the line of direction fall 
tear the edge, the body is easily over- 

Charles. Is that the reason why a ball^ 
) BO easily rolled along a horizontal plnne Ij 

Father. It is ; for in all spherical I)udiea|H 
he base is bnt a point, consequently almonH 
lie smallest force is sufficient to retno^-e tl)|^H 
ae of direction out of it. Hence it is ev]^H 
ent, that heavy bodies situated on an incltM^I 
ed plane will, while tlie line of directiodl^l 
tils within the base, slide down upon the^| 
lane : but they will roll when tliat line falliH 
idiout the base. 'I'he body a (Plate l^| 
%• S') ^''l ^'■'1^ down the plane or., bucV 
ke bodies n and c\vUI roU down it. .^H 

Emma. I have seen buildings leun verf^M 
pfe^at of a ■trai|falin«v ffi*'y.^?^^!itM^B 
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Father. It does not follow because a 
building leans, that tlie centre of gravity docs 
not fall within the base. There is a hig^ 
tower at Pisa, a town in Italy, which leans 
fifteen feet out of the perpendicular ; stran- 
gers tremble to pass by it, still it is found 
by experiment that the line of direction falls 
within the base, and therefore it will stand 
while its materials hold together. 

A wall at Bridgenorth in Shropshire, 
which I have seen, stands in a similar situa- 
tion, for so long as a line cb (Plate n. Fig. 
9.) let fall from the centre of gravity c of 
the building ab, passes within the base CB9 
it will remain firm, unless the materials 
with which it is built go to decay- 

Charles. It must be of great use in many 
cases to know the method of finding the 
centre of gravity in different kinds of bodies. 

Father* There are many easy rules for 
this with respect to all manageable bodies : 
f will mention one, which depends or. the 
property which the ceptre of gra\ ity has* of 
always endeavouring to descend to the low- 
est point. 
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' If a bodyA (Plate n. Fig. 10.) be freely 
uspended on a pin a, a.nd a plumb line a b 
te hung by the same pin, it will pass through 
he centre of gravity, for that centre is not 
a the lowest point* till it fall in the same 
ine as the plumb line. Mark the line a B ; 
hen hang the body up by any other point, 
& D, with the plumb line de, which will 
Iso pass through the centre of gravity- for 
be same reason as before ; and therefore as 
he centre of gravity is somewhere in a s> 
od also in some point of de, it must be in 
be point c where those lines cross. 
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Of the Centre of Gravity. 

CHARLES. How do those people who 
have to load carts and waggons with light 
goods, as hay, wooly &c« know where to find 
the centre of gravity ? 

Father. Perhaps the generality of them 
nev' r heard of such a principle ; and it 
seems surprising that they should neverthe- 
less make up their loads with such accuracy 
as to keep the line of direction in or near 
the middle of the base. 

Emma. I have sometimes trembled to 
pass by the hop-waggons which we have 
met on the Kent road* 

Father. And without any impeachment 

of your courage, for they are loaded to 

such an enormous height, that they totter 

' inch of the road. It would indeed 



be impossible for one of these to pass with 
tolerable security along a road much inclin- 
ed ; the centre of gravity being removed 
so high above the body of the carriage, x 
small declination on one side or other wotild 
throw the line of direction out of the base. 

Emma, ^hen brother James falls al)out, 
is it because he cannot keep the ctntre of 
gravity between his feet ? 

Father, That is the precise reason why 
aoy person, whether old or young, falls. 
And hence you learn tluit a man stands 
much firmerwith his feet a little apart liian 
if they were quite close, for by separating 
them he increases the base. Hence alao 
the difficulty of sustaining a tall body, as a 
Walking cane, upon a narrow foundation. 

Emma. How do rope and wire dancers, 
whom I have seen at the Circus, manage to 
balance themselves \ 

Father. They generally hold a long pole, 
with weights at each end, across the rope on 
wMch they dance, keeping their eyes fixed 
on some object parailel to the vope, b^ 
uiKh^meaas they know when theit CSUXlf- 



of gravity declines to one side of the l 
or the other, and thus tpy the help oa 
pole, they arc enabled to keep the cent^ 
gravity over the base, narrow as it is*J 
is not however rope-dancers only thatj 
attention to this printiple, but the most ej 
mon actions of the people in general 
regulated by it* 

Charles. In what respects ' 
Father. We bend forward, when y 
Up stdrs, or rise from our chair, for H 
we are sitting, our centre of gravity i 
the seat, and the line of direction fallaa 
hind our base ; we therefore lean fon 
to bring the line of direction t< 
feet. For the same reason a man carryifl 
burden on his back leans forward: 
backward if he carries it on his breast*^ 
the load be placed on one shoulder he { 
to the other. If we slip or stumble Ijj 
one foot, we naturally extend the opp< 
inn, making the same use of it as the r 
dancer does of his pole. 

This property of the centre of gravity al- 
tnys enofeatouring to descet\d,>i\\\ a 



ir iqipearances, which are lomeiitnM '3^H 
d to excite the surprise of spectator^H 
' Emma. What arc those, papa ? ^M 

Father. One is, that of a double cone, ap^| 
earing to roll up two inclined planc8^| 
inning an angle with (;ach ctlier, for as t^| 
dQs it sinks between them, and by tliacfl 
leans the centre of gravity is actually de- 
wnding- 

Let a body et (Plate ii. Fig. 13.) toa- 

iling of two equal cones united at their 

ase&, be placed upon the edges of two 

li^t smooth rulers, ab and cd, which 

one end meet in an angle at a, and rest 

a horizontal plane ; and at the oilier are 

lised a little above the plane; the body 

ril! roll towards the elevated end of the 

ider&f and appear to ascend ; the parts of 

ic cone that rest on the rulers growing 

RUller as they go over a large opening, anil 

htlfi letting it down, the centre of gravity 

lescends. But you must remember that 

height of the planes must be le^% l^v'an 

be radius of the base o( the cone. 
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Charles. Is it upon this prindple, 
cylinder is made to roil up hill ? 
Father. Yes, it is ; but this tan 
ed only to a small distance. If a c^M 
<ff pasteboard, or very light wood AB,g 
11. Fig. II.) having its centre of grail 
t, be placed on the inclined plar 
will roll down the inclined plane, bert 
\ line of direction from that centre liea | 
the bas(^. If I now fill the little hole o 
with a plug of lead, it will roll up c 
clined plane, till the lead guts : 
where it will lie still : because the cei 
gravity by means of the lead is rer 
from c towarda the ping, and thet 
descending, thuugb the cylinder i 
ing. 

Before I put an end to this subject,"! 
shew you arotlier experiment, which 1 
out understanding tlie principle of the c 
.tre of gravity cannot be explained. UpOQ 
this stick A, (Plate 31. Fig. 12.) which, of 
itself, would fall, because its centre of 
I gravity hangs over the table ef, I suspend 
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Charles. There is no difficulty of coi 
cciviog that ii body, a» this inkstand, 
Atate of rest must always remain so, if no 
external force be impressed upon it to ^ve 
It motioD. But 1 know ot no example 
which will lead ma to suppose, that a body 
aa.ce put into motion would of itself con- 

Father. Tou will, I think, presently a 
init the latter part of the assertion 
as the former, although it caoDOt be eand 
blifihed by experiment. 

Exuna. I shall be glad to hear how t 

I Fatfter. You will not deny that the h 
[irhJcll you strike from the trap, has i 
linore power either to destroy its i 
|| or cause any change in Us velocity, ihanj 
' baa to change its shape. 

\ tume; toli'im, 'CLUwever, tlieir reasonings iippevr 9 

\ ooDclusive. Al nmy raw, in a wiirk intended for « 

r! fOong minds, lie thinks it a duly tu avoid metaphyaV 

nl diBtinc lions: iiteferring, lit ull times, rnUier \» 

\ mijl" tbem b; inuten of &ct, Itun to load iheir tender 

l^Bfchag^pJh y nrl n in and. HUbtAe t.\tCOtllA. ^^ 



Chark-s. Certainly ; nevertheless, in a ie*' 
seconds after I have struck the ball with all 
my force, it &lls to the ground, snd then 
stops. 

Father. Do you find no difference in the 
time that is taken up before it comes to rest, 
even supposing your blow the same? 

Charles. Yes, if I am playing on the 
graas it rolls to a less disntnce, than when 
I, 1 play on the smooth gravel. 

Father. You find a like difference when 

you are playing at marbles, if you play in 

the gravel court, or on tlic even pavemejij 

ID the arcade. 

[ Charlea. The marbles nm so eaai 

the smooth stones in the arcade, that 
I scarcely shout with a force small enough. 

Emma. And 1 remember Charles and my 
I cousin Were, last winter, trying how far 
they could shoot their marbles along the 
ice in the canal ; and they went a prodigi- 
ous distance, in comparison of that whicl 
ihey would have gore on the gravely 
on the pavement in the arcade. 
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Father* Now these instances properly ap- 
plied will convince you» that a body once 
pnt into motion, would go on for ever, if 
it were not compelled by some external 
force to change its state. 

Chariesm I perceive what yoii are going 
to say : — ^it is the rubbing or friction of the 
marbles against the ground which does the 
business. For on the pavement there are 
fewer obstacles than on the gravel, and 
fewer on the ice than on the pavement ; 
and hence you would lead us to conclude, 
that if all obstacles were removed, they 
might proceed on for ever. But what are 
we to say of the ball, what stops that ? 

FdUier* Besides friction, there is another 
and still more important circumstance to 
be taken into consideration, which affects 
the ball, marbles, and every body in mo- 
tion. 

Charles. I understand you, that is the 
attraction of gravitation. 

Father. It is: for from what we said 
when we conversed on that subject, \t ai^- 
aauTtd that gravity has a tendency to bdti^ 
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i every body in motion to the earth [ esm^\ 
qiiently, in a few seconds, your boll suMi 
come to the ground by that cause itlow}^' 
but besides the attraction of gravitutMOt 
there is a resistance which tlic air, through; 
which the ball movas, makes to its p^is&age. 
Emma. That cannot be much 1 thini. , 
Father. Perhaps, with regard lo the baH 
struck from your brother's trap, it is of OR 
great consideration, because the velocity is 
but small ; but in all great velocities, >^ 
that of a ball from a musket or cannDO) 
there wilt be a material difference between 
the thetjry and practice, if it be neqlecicd 
in the calculation. Move your mamma'i 
riding- whip through the air slowly, aq^yov 
observe nothing to remind you tliattbcrt 
is this resisijiig medium ; but if you swia( 
it with considerable swiftness, the noiB< 
which it occasions will inform yoiinf tfail 
resistance it meets with from sometbuig 
which ia the atmosphere 

Charles. If I now understand you, the 
[ for ce which compels a body in motion t< 
H^^bi u of three kinds ; (I.) the atti 
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aviUtion; — (2.) the resistance of the 
-and (3.) the resistance it meets with 
friction. 

tker. You are quite right. 
ariea. I have no difficulty of concclv- 
3iat a body in motion, will not come 
Cate of rest, till it is brought to it by 
ttein^ force, acting; upon it in some 
}r other. I have seen a gentleman, 
skftittng on very slippery ice, go a 
way without any exertion to himselfi 
'here the ice was roughs he could 
if the distance without malung 



^r- I will mention another instance 
^on this law of motion. Put a basin 
tcr into your little slater's wa^on, and 
the water is perfectly still, move the 
on, and the water, resisting the motion 
C: vessel, will at first rise up in the 
tion contrary to that in which the 
1 moves. If, when the motion of the 
I is communicated to the water, you 
•nly stop the waggon, the water, in 
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deavouring to continue the state of motion, J 
rises up on the opposite side. 

In like manner, if while you are sitting' | 
quietly on your horse, the animal starts for- ^ 
ward) you will be in danger of falling off .^ 
backward ; but if while you are galloping: J 
along, the animal stops on a sudden, you- -. 
will be liable to be thrown forward. . ^ 

Charles* This I know by experience, but; ' 
I was not aware of the reason of it till to->- : 

^ne of the first, and not lent ' 
Lses of the principles of natund. 
ly isf that they may be applied to, . ; 
and will explain many of the common con- 
cerns of life. mjl 

We now come to the second law (ff mo- 
tion,which is ; — ^that the change of motion u " 
proportional to the force impressed^ and in 
the direction of that force* ^ 

Charles* There is no difficulty in this, for 

if while my cricket-ball is rolling along after 

llenry has struck it, I strike it again, it 

ffoes on with increased velocity, and that in 

proportion to the strengllv vi\uc\v\ exaxx qpcv 
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A horse drawing a heavy load, 
much drawn back by the load as he i 
it forward. 

Emma> I do not comprehend how* 
cart draws the horse. 

Father. But the progress of the ho(l 
impeded by the load, which is the i 
thing ; for the force which the horse fi 
would carry him to a greater distance ii 
same time, were he freed from thd 
cumbrance of the load, and therefora 
much as his progress falls short of than 
tance, so much is he, in effect, dran'n ■ 
by the re-action of the loaded cart. 

Again, if you and j'our brother were 
boat, and iO by means of a rope, yd|^ 
to attempt to draw another to you, llie E 
in which you were would be as much pull- 
ed toward the empty boat as that would be 
moved to you ; and if the weight of the 
two boats were equal, they would meet in 
a point Half way between the two. 

If you strike a glass bottle with an iron 
Aammer, the blow will be received by the 
ner and the glass ; and iv k \two»wcv- 



Al whether the hammer be moved against 
die botde at rest, or the bottle be moved 
igaJost the hammer at rest, yet the bottle 
*iU be broken, though the hammer be aot 
iajured, because the same blow, which is 
tiifficient to break glass, is not sulEcient to 
break or injure a mass of iron. 

From this law of motion you may learn 
;ia what manner a bird by the stroke of its 
'wiogs, is able to support the weight of its 
My. 

Charles. Pray explain this, papa. 
Fat/ier* If the force with which it stri! 
the air below it, is equal to the weight of 
body, then the re-action of the air up. 
4b is likewise equal to it ; and the bird 
being acted upon by two eyual forces in 
contrary directions, wilt rest between them. 
If the force of the stroke is greater tlian its 
weight, the bird will rise with the difference 
ot these two forces : and if the stroke be 
less than its weight) tJien it will sink with 
,lhc difference, 

H 
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CHARLES. Are those laws off 
which j'Ou tsplaincd yesterday of g 
portance in natural philosophy ? 
■ Father. Yts, they are, and s 
carefully committed to memory, 
were assumed by Sir Isaac NewtoiL 
{tindamental principles of mechant^ 
you will find them at the head of a 
ivritten on these subjects. From 
so, we are naturally led to somdl 
branches of science, which, though -f 
not but slightly mention, should g 
Biolly neglected. They are 
Bollaries to the laws of motion. 

What is a corollary, papl 



prjn.att bodies, he called their ; 

t Cftarte*. A few moniing^ ago, jxm showed 
■•that the MiractioD of the eanh upon the 
toon* is 3600 tiroes leas than it is upon 
Mvy bodies near the earth's aurlace. Soi|g 
B [his attraction is measured by the spaQ 
iQu through in a given time, I ha^'c e 
ItATOurcd to calculate llie space which thi 
Moon would fall through in a miQuiCy wel 
fic projectile force to cease. 
'Father. Well, and how have you brougtiH 
toot? 

Charles. A body falls here 15 
ta the first second, consetjueutlv i 
Sotei or 60 seconds, it would fall 
Asks 60 feet, njuitiplied by 16, that i 
SSpO feet, which is to be nmliiplied by iff 
•nd as the inoon would fall through 360( 
l^es less space in a given time than a bodji 
bere, it would fall only 16 feet in the fin 
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Father. Your calculatioQ is 
I will recall Co your mind the second m 
hy which it appears, that every moliJ 
••liange e/' motion produced hi a body^ | 
tte praparttonai io^ and in the direi 
of, the farce impressed- Therefor 
moving body receives an impulse in tld 
rection of its motion, its velocity nifl 
increased ; — if, in the contrary direcf 
its velocity will be diminished ;— but in 
force be impressed in a direction obliqu 
that in which it moves, then its direC 
will be between that of its former nuj 
and that of the new force impressed. 
Charles. This I know from the t 
vations I haxt made with my cricket-I^ 

Father. By this second law of n 
you will easily understand, tbat if s 
at rest, receives two impulses, at the a 
lime, from farces whose directions do] 
coincide, it will, by their joint actioni 
made to move in a line that lies betwi 
the direction of the forces impressed. 
£mma. Have you any machine to prove 
sfiis aatishcton\y to the senaw*. 




J-'alher. There are many such inve^ 
by different persons, descnptio 
j-ou will hereafter 6nd in various boobs on 
tbeee subjects. Bat it Is easily understood 
by a figure. If on the ball a, (Plate tl. 
Kg. 14.) a force he imprebsed, sufEcient to 
make it move with an uniform velocity to 
die point B, in a second of liinei and if 
Qoothcr force be also impressed on the ball, 
whicb alone would make it move to the 
jiotDt c, in the same time ; the ball, by 
means of the two forces, will dc-scrihe the 
Gne A Dt which is a diagonal of the £gurc, 
ft'liose aides are a c and a n. 

Ch<trtes, How then is motion produced 
ID the direction of the force: accoi-ding to 
the MCOnd law, it ought to be in one case, 
in tlie direction a c. and in the other, in 
Am of A B) whereas, it is in that of a d ^ 

father. Examine the figure a little at- 
tentively, carrj'ing this in your mind, that 
for a body to move in the same direction, 
h is not necessary that it should move in 
tbe same straight line; but that it ia suRi- 
lo move eilAer in that Une, or vu wc 

— uitoit. — '- 
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Charles. I perceive then that the 1 
when arrtveil at D| has movL-d in the 
tion A Ci because b d is paraUel to a C 
and also in the direction a b,. becaufl 

is parallel tu it. 

Father. And in no other pos&iblera 
ti»n but at the puint o, could this e 
nient be conformable tn the sucond I 
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J^T^ or the Laws of Motion. 

ATHER. If you reflect a little upon 
t we said yesterda}^ on the second law 
noooDt you will readily deduce the 
iWiDg corollaries. (Plate ii> Fig. 14.) 
Thst If the forces be equaU luid 
iX right angles to one another, the line 
;ribed by the ball will be the diagonal 
I t^uare. But in all other cases, it will 
he diagonal of a parallelogram of some 

, By varying the angle, and the for- 
you var)' the fornn of your parallelo- 



^harles. Yes, papa ; and I see another 




^^^K are 
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o forces acting conjoinUy id this w 
are not so great as when ihey act &e 
ratdjr. 

Father. That is true, and you are 
to the conclusion, I suppose, from the 
coUection that in every triangle any t 
aides taken together are greater than 
remaining side ; and therefore you inl 
and justly too,' that the motions which 
ball A must have received, had the for 
been applied separately, would have b< 
equal to A c and A b, or, which is i 
same thing, to a c, and c d* the two m 
of' the triangle a d C, but by their jo 
action the motion is only equal to A D, 1 
lemaiDing side of the triangle. 
' Hence then you will remember, that 
^e compoxiliott, or adding together 
forces (as this is called) motion is alws 
lost : and in the rexolulion of any one fo; 
as A D, into two others A c and a b, n 
tion is gained. 

Charles, Well, papa, lint how is 

t^t the heavenly bodies, the moon for i 

0U*nce, which is impelled \iy two i 



; 



MECHANICS. 95 

performs her motion in a circular curve 
round the earth, and not in a diagonal l)e- 
tween the direction of the projectile force 
and that of the attraction of gravity to the 
earth. 

Father m Because in the case just men- 
tioned, there was but the action of a single 
impulse in each direction, whereas the ac- 
tion of gravity on the moon is continual, 
and causes an accelerated motion, and 
hence the line is a curve. 

Charles. Supposing then, that a repre- 
sent the moon, and a c the sixteen feet 
through which it would fall in a second by 
the attraction of gravity towards the earth, 
and A B represent the projectile force act- 
ing upon it for the same time. If a b and 
A G acted as single impulses, the moon 
would in that case describe the diagonal 
A o : but since these forces are constantly 
acting, and that of gravity is an accclerat- 
mg force also, therefore instead of the 
straight line a d, the moon will be drawn 
into the curve line a a D. Do 1 uiid<^x^\.2ccA 
ibe matter right ? 



Father' You do ; and hence 
comprehend how by good mstru 
calculation, the attraction of the 
the moon was discovered. 

The third law of motion, vii 
tion and re-action are equid and \ 
directions, may be illustrated by 
communicated by the percussioi 
and non- elastic bodies. 

Emma. What are these, p^a 

Father. Elastic bodies, are t 
have a certain spring, by which 
upon being pressed inwards, by 
return to their former state ; th 
is evident in a ball of wool 
or in spunge compressed. NoJi 
dies are those which, when one 
other, do not rebound, but mo 
after the stroke. 

Let two equal ivory balls a an 
pcnded by threads j if a (Plate i : 
be drawn a litde out of the per 
and let fall upon b, it will lose 
•jy communicating it to *, whi 
kdriven to a distance c, equal to ti 



hkh a fell ; and hence it appears that the 

^aedoB of A, was equal to the action of 

Uponit. 

Ekma. But do the parts of the ivory* 

& j-ield by the stroke, or) as ^u call it, 

' the percussion ? 

/■'at/ier. They do ; for if I lay a fittle 
Ret on (7, and let it touch A, it will make 
It a very small speck upon it : but if it 
Viipon 6, the speck will be much larger) 
^ich proves that the balls are cUstic. 
a that a little hollow, or dint, was made 

each by collision. If now two equnl 
Ik balls of clay, or glaEier's putty, which 
; noD-etastic, meet each other wilh equal 
locittes, they would atop and stick toge- 
Brat the place of their meeting, as thirip 

actions destroy each other. 
Charles. I have aonietimes shot mj^ 

lie alley against another marble so - 
lply» that the marble has gone off as 

ftly as the alley approached it, and 
remained in the place of the marble; 
marbles therefore, as well as ivoryj 



< 
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k, -Pother. They are — If three dj 
0, b, c, (Plate III. Fig. 16.) be fa 
adjoining; centres, and c be drai 
out of the perpendicular, and let 
i, then will t and b become statio] 
a will be driTCD to o, the dii 
which c fell upon b. 

If you hang any number of ba] 
eight, &c. so as to touch each otl) 
you draw the outside one away > 
distance, and ihen let it fall upon I 
the ball on the opposite side will 
off, while the rest remain slatij 
equally is the action and re-act: 
stationary balls divi^d among 
the same manner, if two are di 
and suffered to fall on the rest, 
site two will fly off, and the oth( 
ataiionarj'. 

There is one other circumstanc 
ing upon the action, and re-action, 
^ and also upon the vis inertia \ 
^Lvonh noticing : by some authon 
^^pnd it largely treated upon. 
^^ M I strike a blacksi 

il 



upon. . 

jH 



ler, action and re-action being equal, 
ivil strikes the hammer as forcibly as 
ainmer strikes the anvil. 
the anvil be large enough, I might lay 
my breast, and suffer you to strike it 
I sledge hammer with all your strength, 
ut pain or risque, for the vis inertia: 
t anvil resists the force of the blow, 
f the anvil were but a pound or two 
iight, your blow would probably kill 



CONVERSATION XlT. 



On the Mecbinical Powers. 



CMASLES. WiU you now, papa, esplsin ] 
the mechanical powers ? 

Father. I will, and I hope you haw I 
not forgotten what the msmentum of a bo- ' 
dy is. 

Charles. No ; it is the force of a mclviiiS 
body, which force is to be estimated by the 
weight, multiplied into its velocity. 

Father. Then a small body may have an 
equal momentum with one much larger? 

Charles- Yesj provided the smaller body 
moves as much swifter than the larger one. 
as the weight of the latter is greater than 
thftt of the former. 



ecu- 



Father. Yes, the greater the distance at 
Wbich these seats were placed from the cen* 
ft* of motion, the greater was the s| 
which the litlle boys and girla travelled 
Uieir half- penny. 

Emma. Then those in the second row 
had a shorter ride for their money, thaa 
those at ihe end of the poles. 

Father, Yes, shorter as to space, but the 
kpnie as to time. In tlie same way, when 
|roD and Charles go round the gravel-walk 

E*""- half an hour's exercise, if he run, while 
walk, he will, perliaps, have gone six 
ight times round, in the same time that 
pou have been hut three or four times ; now, 
las to time, your exercise has been equal, 
K>ut he may have passed over double the 
[■pace in the same time. 

Charles. How docs this apply to the es>' 

lation of the mechanical powers ? 
Father. You will find the application ve- 
sy : — .without clear ideas of what is 
it by time and space, it wei 
xX yoa to comprehend the prmciplea 4 
mics. 
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There are six mechanical powi 
lever ; the wheel and axle : the i 
hidiiicd plane ; die wedge ; 

Emma. Why aic ihey called I 

Father- Because, by their m^ali 
enabled mechankaUy to raise weigj 
heavy bodies, and overcome 
whiqhj without their assistance,',! 
be done. 

Charlcn. But is there no limit j 
sistance gained by ihcse powers P 
member reading of Arehirr 
that with a pliice for his I'lilcrUml 
move the earth itself. 

I'at/uT. Human power, 
eistance which art capji^iv!.-, 
mited, and upon this principle, j 
luegain in pcnver, we lost v 
U' by your uwij unaiisistcd streugiJ 
kble to raise fifty pounds to a c 
tancc in one minute, and if by (hi 
machinery, you wish to raise 500 pounci 
the same hdghtj you will require, ^a 
~[Ub:s to perform it in; thus you.JM| 



four power ten-fold, but it is at the espcnne 
of time. Or, in other words, you are ciia- 
bled to do iliat with one effort in trn mi* 
nutes, which you could have done in ten se- 
parate efforts in the same time. 

£mma. The importance of mechanic*, 
then, is not so very considerable as onci at 
fiist sight, would imagine ; since there is no 
red g^ of force acquired by the mechani- 
cal powers. 

father. Though there be not any actual 
increase of force gained by these povcrs i 
yet, the advantages which men derive front 
them are inestimable. If there are several 
smnll weights, manageable by human 
strength, to be raised to a certain height, it 
may be full as convenient to elevate them 
one by one* as to take the advantage of the 
mechanical powers in raising them all at 
once. Because, as we have shown, the same 
time will be necessary in both cases. Bui 
Wppose you have a laigc block of stone ot 
% ttHi weight to carry away, or a 1 
Hm greater, what is to be done ^ 
Tffirf not think of tbaU 




FtOher. Bodies of this kind caiii^ 
separRted into parts proportionable t 
human strength without immense Iaboiir« 
nor, perhaps, without rendering them unfit 
for those purposes to which they are to be 
applied. Hence then you perceive the great 
importance of the mechanical powerst by 
the use of which a man is able with ease to 
manage a weight many times greater than 
himself. 

Charles. I have, indeed, seen a few idert, 
by means of pulleys, and seemingly with no 
very great exertion, raise an enormous oak 
into a timber- carriage 1 in order to convey it 
to the dock -yard. 

Father. A very excellent instance j for 
if the tree had been cut into such pieces aa 
could have been managed by the natural 
strength of these men, it would not have 
been worth carrring to Deptford or Chatham 
for the purpose of ship- building. 

Emma. I .icknowledge my error;— what 
is a fulcrum, papa? 

father. It is a fixed point, or drop, round 
which the other parts o£ litmasNip^-ai^t* 
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Charks* The pivot, upon which the hands 
of your watch move, is a fulcrum then* 

Father^ It is, and you remember we call- 
ed it also the centre of motion : the rivet of 
these scissars is also a fulcrum. 

Emnuu Is that a fixed point or prop I 

Father* Certsunly it is a fixed point, as 
it regards the two parts of the scissars ; for 
that always remains in the same position, 
while the other parts move about it. Take 
the poker and stir the fire ; now that part of 
the bar on which the poker rests is a ful- 
crum, for the poker moves upon it as a cen« 
tre. 



CONVERSATION XV, 



FATHER. Wc will now considei^ 
Lever, which is generally called the 
mechanical power. 

The Lever, is any inflexible bar of h 
iron, &C. which serves to raise weij 
while it is supported at a point by a 
fulcrum, on which, as the centre of 
all the other parts turn, a b (Plate i 
Fig. 17.) will represent a lever, and the 
point c the fulcrum or centre of motion. 
Uow, it is evident, if the lever turn on its 
centre of motion c, eo that a comes into the 
position c ,- a at the same time must come 
i/fto the position i. Ifboththearmsof thele- 
Vfif^ equ^it that is, if a c "is e'\ua\\.Q s. v. 




Jiere is no advantage gained by it, for th« 
pasB over equal Spaces in the same timC' 
Bnd according to the fundamental principle 
Uready laid down (p. 104) " as advantage 
tor power is gained, time must be lost:'* 
therefore no time being lost by a lever of 
this kind, there can be no power gained* 
i Charles, Why then is it called a mecham- 
Kol power i 

V Father- Strictly speaking perhaps It 
paght not to be numbered as one. But it v» 
iBBUally reckoned among themi having the 
}fiilcram between the weight and the power, 
prhichis the distinguishing pi'operty of levers 
Fof the first kind. And when the fulcrum 19 
Lexactly the middle point between the 
xweightand power, it is the common balance: 
iito which, if scales be suspended at a b, it 
m fitted for weighing all sorts of comroodi- 

I Emma. You say it is a lever of the_ 
tkindi are there several sorts of levers \ 
I Father. There are three sorts ; some 
?»ons rcclcon four, the fourth Uo-wev' 
rbcoded oae of the fint k\nA. K' 



IT 



B, It 

Qodi- 

J 
1 



ofthc/r«f kind (Plate III. Fig, 1«, | 
haa the fulcrum between the weight! 
power. 

The second kind of lever (Plate I 
Fig. 20.) has the fulcrum at one eQdj| 
^trer at the other, and the weight ]fet!f 
them. .* '^^ }, 

In (he third kind (Plate in. Fig. I 
the power is between the fulcrum anw 
Weight. 

Of Levers' pott'erstlie different sorts are tbree, 
Tlie jlrxf in steel-yards and In the licales you see ; I 
The besl a lecend is the millev's lift. 
Where pmer and fulcrum to each end you shiltiM 
And in the third, the worst ofall, my friend. 
You find Ihe veigfil tnd/ulcrum at each end. 

' Let us take the lever of the first 1 
■(Fig. 1 8.) which if it be moved into thJ 
Bition a b, by turning on its fulcrum c 
evident that white a has travelled ove| 
short ^ce & a, B has travelled f 
greater space b 6, wnich spaces are i 
aiio[her> exactly in proportion to 
^o£.fhG vaa a c and & Cv U novi -ijom^ 




HE LEVEK- 
r band firsc to the point a, and afteijfl 
1 order to move the lever ii 
b the pOBitioa a b, usiag the same velocitjL 
B both cases, you will find that the tinaj 
pent in moving the lever when the haod^ 
b at Bi wilt be as much greater, as that spent 
phen the hand is at a, as the arm B c is 
Ipnger than the arm a c, but then the exei^. 
Ion required will, in the same proportioi% 
K less at B than at a. 

Charles. The arm b c appears to be fau 
imes the length of a c* 

Father, Then it is a lever which % 
|lower in the proportion of four i 
fhat is, a single pouad weight applied \ 
die end of the arm b c, as at P, will bala 
lour pounds suspended at a, : 
I Ousrles. I have seen workman move lara 
^ces of timber to very small distances, b 
Itaeaos of a long bar of wood or iron ; is thl 
||lev«T? 

r Father. It is ; they force one end of ti 
put tmder the timber, and then place a blof 
|(tf wood, stone, &c. beneath, and i 
jthftMtaie end of the lever as possible, fo^ 
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^Hucrunii spplying their own stren] 
other: and pow<r is gained in [ 
as the distance from the Culcrum 
where the men apply their str 
greater than the distance from tH 
to that end under the limber. 

Charles, It must be very considi 
I have seen two or three men 
in this way, of several tons weigh 
think. 

Father. That is not difficult ; f( 
ing a lever to gain the advantage 
to one, and a man by his natural s 
able to move but a hundred weigl 
find that by a lever of thi 
twenty hundred wi-ight i 
single exertions, a strong 
a much greater power, than that 
eufiicient to remove a hundred 
levers are also frequently used,the 
gained by which is still more < 
than twenty to one. 
%,Chartea. I think you Eaid, thi 
ht the common steel-yard made 

p'butcher, is a lever' 
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father- I did ; the short arm a c (Plate 
3I> Fig. 19-) is, by an increuse lq size, 
oade to balance the longer one b c, and 
mm c, the centre of motion, the di- 
uions must commence. Now if b c be 
iivitled into as many parts as it will con- 
ain, cswh equal to a c ; a single weight, as 
I pound P, will serve for weigitig any thing 
U heavy as itself, or as many times heavier 
a there are divisions in the arm c. If die 
veight p be placed at the division 1, in the 
jpni B c, it will balance one pound in the 
Kale at A : if it be removed to 3, 5, or 7, it 
tn\i balance 3, 5, or 7 pounds in the scale t 
Ibr these divisions being respectively 3, 5, or 
T times the distance from the centre of mo- 
jon c, that A is, it btcomes a lever, which 
gains advantage at those points, in the pro- 
ponioo of 3, 5, and 7. If now the intervals 
lietwecD the divisions on the longer arm be 
{subdivided into halves, quartcrst Stc. any 
freight may be accurately ascertained to 
halves, quanera of poundS) &c. 
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CONVERSATIOX XVI. 



Of the Levet*. 

EMMA. What advantage has tl 
yard, which you described in our 1 
versation, over a pair of scales I 

Father. It may be much more re 
moved from place to place ; it req 
apparatus, and only a single weigh 
the purposes to which it can be ap 
Si;metimcs the arms are not of equal 
In that case the weight P must b< 
along the arm b c, till it exactly bal 
other arm without a weight, and 
point a notch must be made, mark! 
it a cipher 0, from whence the c 
must commeop''' 




Charles> Does there require great acci 
sy in the manufacture of instruments 
ftiG kind ? 

Father. Yes.ofsiich importance Is ttto 
public, that there should be no error or frt 
by means of false weights or false balances, 
ihat it is the business of certain public offi- 
CCT8 to examine at stated seasona the weights, 
weastires, S;c. of every shopkeepei 
land. Yet it is to be feared that after 
precautions, much fraud is practised u] 
Idle OQSUspecting. 

£mma. I one day last summer bougl 
as I supposed, a pound of cherries at 
^or, but Charles thinking there were 
a pound, we tried them in your scales 
ibund but twelve ounces, or three quarters** 
^tead of a pound, and yet the scale went 
^own as if the man had given roe full 
weight. How was that managed? 

Father. Ft might be done many ways : 
by short weights ; — or by the scale In which 
jilE fruit was put, being heavier than 
jotlieri — but fraud may be practised wi 
weights aud Bcales, by making 



^^u;st we 
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arm of balance on which the weights hao^ 
shorter than the other, for then x pOttol 
weight will be balajiced br as much \m 
fruit than a pound, ai that arm is shorter 
than the other ; this was probably the Btt- 
diod by which you were cheated. 

Emma. Bj- what method could 1 hare 
discovered this cheat J I 

Father. The scales when empty arc «!■ 
actly balanced, but when loaded, though 
still in equilibrio, the weights are uDequal. 
and the deceit is instantly discovered by 
changing the weights to the contrary scales> 
I will ^ve you a rule to find the true weigllt 
of any body by such a false balance, the 
reason of the rule you will understand here- 
after, "iinrf the -weights of ike body by 
both scales, multiply them together, and that 
^nd the square root of the product, which il 
the true iveiffht." 

Charles. Let me see if 1 understand. the 
rule: suppose a body weigh 16 ounces In 
One scale, and in the other 12 ounces ani. a 
Jtcr, I multiply 16 by 12 and a 
\get the product 196, vVe &ixs 



a c\u^lM 



FVfaicb is 14 : for 14 multiplied into itsetf 
ma^ 196 ; therefore the true weight of the" 
ijAy is 14 ounces. 
\'Fatker. That is just what I meant — Ta 
le lever of the first kind may be referred 
lay common instruments, such as sciss 
incers, snuffers, &c. which are made by 
ro levers, acting contrary to one anotheri 

Emma. The rivet is the fulcrum, or cen 
e of motion, the hand tht^ power usedt and 
hatever is to be cut, is the resistance to 
! overcome. 

Charles. A poker stirring the fire is alaq 
lever, for the bar is the fulcrum, the hand 
le power, and the coals the resistance to 



Father, We now proceed to levers of th( 
icond kind, in which the fulcrum c (Fig 
).} is at one end* the power f applied at 
le other B, and the weight to be raised w, 
imewhere between the fulcrum and the 
iwer- 

CAarUf. And hovi is tlie advanV3,^e. ^g^ 
f^^ rawipaied in this \eve« 



- Father. By looking at the 6gi 
find that power or advantage is giunefl 
proportion as the distance b, the {: 
which the power p acts, is greater thi 
distance of the weight w from I 
crum. 

Charles. Then if the weight hang ai3 
inch from the fulcrum, ai\d the power j 
at live inches from it, the power g 
five to one, or one pound at p will t 
five at w ? 

Father. It will ; for you perceive tl 
power passes over five times : 
space as the weight, or while the p 
in the lever moves over one inch, the p 
B will move over five inches. 

Emma. What thitigs in common me are 
to be referred to the lever of the second 
kind? 

Father. The most common and useful 9f 
all things ; every door, for instance, which 
turns on hinges is a lever of this sort. TV 
lunges may be considered as the fulcrum 
or centre of motion, tlie whole door '» 



reight to be moved, and the power is 
ed to that side on which the lock is 
Qy fixed. 

nmu. Now I see the reason why there 
Qsiderable difHculty in pushing open a 
y door, if the hand is apphed to the 

next the hinges, although it may be 
ed with the greatest ease in the usual 
od. 

utr^TT* This sofa, with sister upon it, 
Ments a lever of the second Tdnd. 
jtker. Certainly, if while she is sitting 
; it, in the middle, you raise one end, 
e the other remains fixed as a prop or 
um. To this kind of lever maybe also 
c«d nut-crackers ; oars ; rudders of 
i i those cutting knives which have one 
fixed in a block, such as are ua<fd for 
ng chaff, drugs, wood for pattens, &c< 
mma. I do not see how oars and rud< 

are levers of this sort. 
alher> The boat is the w«ght to be 
ed, the water is the fulcrum, and the 
Tinan at the handle the power. The 
t» of ships are also levers of the second 
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fid, for ilie bottom of the vcase 
kriim, the ship the weight, and i 
acting against the sail is the iDovifl) 
The knowledge of this priocipie 
useful in many situations and circu€ 
of life : — if two men unequal in ; 
have a heavy burden to carry oi 
between them, the ability of each 
consulted by placing the burden i 
nearer to the stronger man, as hia 
is greater than ihat of his partner. 
Emma. AVbith would you call 
in this case ? 

Father. The stronger man, 
weight is nearest to hirai and i 
weaker must be considered as the 
Again, two horses mny be so yol 
carriage that each shall draw a part 
tional to his strength, by dividing 
B such a manner, that the point of 
If drawing, may be as much i 
ronger horse than to the weakei 
■ngth of the former exceeds thai 




IVe-wiU now describe the third ■ 
fe prop or fulcruiaij 
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s at one end the weight w at the ' 

and the power p is applied at b some- 

betweeo the prop and weight. 

rles. In this case, the weight being 

r from the centre of motion than the 

,must pass through more space than it. 

her. And what is the consequence 

,t» 

rks. That the power must be greater 

tie weight and as much greater as the 

ce of the weight from the prop ex- 

llie distance of the power from it, that 

balance a weight of three pounds at 
re will require the exertion of a power 
ag at B( equal to it^^e pounds. 
her. Since then a lever of this tind 
isadvantage to the moving power, it 

seldom used, and only in cases of ne- 
'f i such as in that of a ladder, which 

fixed at one end agdnst a wall or 
obstacle, is by the strength of a man's 
aised into a perpendicular situation, 
tte Bloat important application of this 
kind of lever, is manifest in tlie stmc- 
afi the lin^ of animals, particularly 
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in those of man ; to take the arm as a 
stance : when we lift a weight by the B 
it is effected by means of muscles cooiiiffl 
from the shoulder blade, and I 
about one tenth as far below the elbow d 
the hand is : now the elbow being the CK^I 
tre of motion round which the lower paitj 
of the arm turns, according to the principle i 
just laid down, the muscles must exertt 
force ten times as great as the weight I 
is r^sed. At first view this may apl 
disadvantage, but what is lost in p 
gained in velocity, and thus the 
figure is better adapted to the variot 
tions it has to perform. 
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Of the Wheel and Axis. 

THES. Well, Emma, do you un-' 
tetstand the principle of the lever, which 
is discussed so much n.t lar^ yesterday ? 

Emma, The lever gains advantage, io 
iroportion to space passed through by the 
cting power; that is, if the weight to be 
bised, be at the distance of one inch from 
he fulcrum, and the power is applied nine 
Itches distant from it, then it is a lever, 
vhich gains advantage as 9 to 1, because 
he space passed through by the po-iuer is 
nine dmes greater than that passed through 
by the weight ; and, therefore, what is lost 
b time by passing through a greater space, 

incd in power. 



acung at P, must be as much greatefl 
that of w, as A c is leas thau it ^ 
they will be in equilibrio. 

Father. 'I'he second mechanical ] 
is the Wheel and Axis, which gains 
in proportion, as the circumference « 
wheel is greater than that of the axis 4 
machine may be referred to the princid 
the lever, a b (Plate in. Fig. 22.) ifl 
wheel, Q. D its axis, and if the circu] 
ence of the wheel be eight times as 4 
as that of the axis, then a single poia 
will balance a weight w, of eight poiu 

Charles. Is it hy an iiistrumeui ( 
kind that water is drawn from those deep 
wells BO common in many parts of the 
country ? 

Father. It is ; but as in most cases of 
this kind only a single bucket is raised at 
once, there requires but little power in the 
operation, and therefore, instead of a largt 
wheel as A B, an iron handle fixed at e is 
made use of, which, you know, by its cir- 
cular motioD, answers the purpose of a 




Father. 

•here tlie wells are so deep as to cause, in 
ifae ascent, the rope to coil more tlian once 
die leogCh of the axis, because the advan- 
tage gained is in proportion as the circum- 
ference of the wheel is greater than that of 
die axisi so that if the circumference of 
Ihe wheel be i3 times greater than that of 
the sxiS) I pound applied at the former, will 
bdance 12 hanging at the latter ; but by the 
coiliog of the rope round the axis, the dif~ 
ference between the circumference of the 
nheet, and that of tlie axis continually di> 
nuniahes, consequently the advantage gained 
il leas every time a new coil of rope is 
VOUnd on the whole length of the axis ; 
dua explains why the difficulty of drawing 
tile water, or any other weight, increases as 
itRScends nearer the top. 
Charkt' Then by diminishing the a 
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1 IntfOM'mR tUe leagdi of 4 
jHnitE in gMincd t 

Tgi, by either of tboi 
>l*y K"^ti power, but it u ve , 
vltie ntti ctnnot be climhrinhed | 
■rtitUt limit, without I 
t'l luitiiin the Weight : 
' bit itittKBt^cl, if it be c 
tic mucli InrHcr tluui whu is c 

«'-/ni. Wi* miiFit, thcD, have ■ 
llt> wh<irl with npikca itandiag t 
Itiulii tlUt«iu',i:i from ciich other d 



Klltn: Yuu muy by this meatu I 
pr puw»r nccording to your vria 
ihc eXtKuac of time, j 
V thnt a simple handle may t 
ftrul timci, while you ai 
^cl round once. To the princip! 
kerf «nrf a.VH, may be referred tl 
btdlui, und all those numeroui ] 
ncB, which arc lo be seen a 
rvc« on the banks of the Tham 



;EL and AXI3. 



il B llOUI1(t "V 

Iheir en- / 
reaoulid. J 



t &tna repoK, aloft the lailora s' 
»ilh their levert » 

«te given, up-springjng witli a liounJ t 
iodge tliB bar>, and wlieel Iheir e 
fines round: 
ay turn ibe clanging; pHula n 
m feiuctant thim its oozy cave 
Mipd^us uichor rise« o'er tlie wiii'c, 

Filcomeb'i SUIrWBEClC. 

ior&A' I have seen a crane, which con- 
of s wheel large enough for a man to 
in. 

aher. In this tlie weight of the man, 
WD (for there are acmetimes two or 
;,) is the moving power ; for, as the 
■teps forwards, the part upon which he 
Is becomes the heaviest, and conse- 
ily descends till it be the lowest. On 
une principle, you may see at the door 
laoy bird-cage makers, a bird, by its 
ht, give a wicker cage a circular mo- 
; nov, if there were a small weight 
mded to the axis of the cage, the bird 
1 motion would draw it up, for as it 
from the bottom bar to the next, its 
ifi/»i causes that to descend, ?ai& ^d:^]^' 
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the operatioa is performed, both with Kl^^| 
to the cage, and to those large cranes nj^^l 
you have seen. ^^H 

£mma. Is there no danger if the ^^H 
happen to slip i ^^H 

Father. If the weight be very gn^^H 
slip with the foot may be attended ^^H 
very dangerous consequences. To [Hl^^l 
which, there is generally fixed at on^^^| 
of the axis a little wheel c, (Fig. 2S.)^^H 
cd a ratchet-wheel ; witli a catch h, tof|^^| 
to its teeth; this will, at uny time, su|^^| 
the weight in case of an accident. S^^H 
times, instead of men walking withii^^H 
great wheel, cogs ai-e set round it oil^^H 
outside, and a small trundle wheel madcLlH 
work in the cogs, and to be turned by ■ 
winch. 

Charles. Are there not other sorts of 
cranes in which all danger is avoided? 

Father. The crane is a machine of sue!) 

importance to the commercial concerns of 

this countrj', tliat new inventions of it are 

maliy ofFered to the public : I yrHJii 

pe go to the libiary^ ^^qin -^wv'i^^B 




loth Vol, of the Transaciiona of the Society 
fiir the Bo courage in ent of Ana and Sci«n- 
engraving of a safe, and, I believe, 
truly ezcelleai crane ; it was invented by a 
friend of mine, Mr. James White, who poa- 
" a most extraordinary genius for mc- 
lics, and who formerly offered hia ser- 
s to a noble Duke, then at the head of 
the Board of Ordinance, but they being re- 
jected, he went to the Coniinent, where he 
h very profitably exercising his talents. 

Charies> But you said that this meci 
hical power might be considered as a le' 
of the tirst kind. 

Father, 1 did ; and if you conceive the 
wheel and axis (Fig. 23.) to be cut through 
the middle in the direction a b ; f c b 
(Plate III. Fig. 23.) will represent a section 
of it. & B is a lever, whose centre of mo- 
ion is c ; the weight w, sustained by the 
tope & w, is applied at the distance c a, 
9ie ratUuB of the axis ; and the power p, 
acting in the direction b p, is applied at 
die distance c b, the radius of the whttV, 
iwefiu^ according to the principle ol <ne 
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CONVERSATION XVIU. 



Of the rulley. 



'HER, The third mechanical pow- 
er, the pulleijy may be likewise explained on 
the principle of the lever. The line a b 
(Plate IV. Fig. 24.) may be conceived to be 
I lever, whose arras a c and b c are equal, 
Uid c the fulcrum, or centre of motion. If 
BOW two equal weights, w and P, be hung 
m the cord passing over the pulley, they 
Pirill balance one another, and the fulcrum 
rwUI sustain both. ■ 

I Charles. This pulley then, tike the com- ^ 
Bnon balance, gives no advanta^. njk 

Father, From the single ^jfet/ pulley no 
Imechanical advantage is derived ; it is, ne- 

ta of great importance ia chan^'o.^ . 
_^ i 
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the direction of a power, and is ven 
used in buildings for drawiag 
weights, it being much easier for ^d 
raise such burdens by means of ^ 
pulley, than to carry them up a long^ 

Emma. Why is it called a mec 
power i 

Father. Though a single fixed: 
gives no advantage, yet when it is tu 
or when two or more arc combibl 
what is called a system of pulleys, tfcj 
possess all the properties of the od 
chanical powers. Thus in c D B (^ 
Fig. 85.) c is the fulcrum, therefavc 
er p, acting at b, will sustain a , 
Weight w, acting at a, for b C is ddl 
distance of a c from the fulcrum, j 

Again it is evident, in the presq 
that the whole weight is sustained- 
cord E D p, and whatever sustains h 
cord, sustains also half the weight i 
half is sustained by the fixed hook 1 
;ntly the power at p has only t 
fdf to sustain, or in other words, 

Wcr »t p will keep in equilibrio 

Ight at w. 



Is the velocity of p doi^le t 

. Undoubtedly ; if you compare 
passed through by the hand ai v 
passed by w, you will find that the 
; just double of the latter, and 
the momenta of the power and 
I in the lever, are equal. 
'. I think i see the reason of this, 
e weight be raised an inch, or a 
sides of the cord must also be 
nlktd an inch, or foot, but this cannot hap> 
pen without that part of the cord at p pass- 
ing through two inches, or two feet o£ 

Father. Tou will now easily infer fnm 
what has been already shown of the single 
moveable pulley, that in a, system of pulleys, 
the power gained must be estimated, by 
doubling the number of pulleys in the low- 
er or moveable block. So that when the 
[ fixed block X (Plate it. Fig. 26.) contains 
two pulleys which only turn on their axes, 
tftid the lower block y contains also two 
tys, which not only turn on their axes, 



^ 



but also rise with the weight, the advai 
is as four ; that is, a single pound at G 
GUBiain four at w. 

Charles. In the present instance i 
perceive, that by raising w an inch, i 
are four ropes- shortened each an inch^fl 
therefore the hand must have passed thr< 
four inches of space in raiBing the weifl 
single inch ; which establishes the maf 
that what is gained in power is lol 



space. 



But,! 



I, you have only tailed 



the power of balancing or sustdnin« 
weight, something more must; I i 
be added to raise it. 

J^ather. There must ; considerable! 
lowance must likewise be made fori 
friction of the cords, and of the pivotfl 
axes, on which the pulleys turn, 
mechanical powers, in general, one-thtn 
power must be added for the loss aust 
by friction, and for the imperfect manal 
which machines are commonly c 
Thus, if by theenj you gain a power" 
600s iti practice, j'ou must reclton only 
tipou 400, la those puUeya 'flVi.cV.wt^iaNt 
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xea describing, writers have taken notice 
vf three things, which take much from the 
jieneral advantage and convenience of pul- 
leys as a mechanical power. The Jirst iS) 
ihat the diameters of the axes, bear a great 
proportion to iheir own diameters. The 
■Mcond is, that in working they arc apt to 
nib against one another, or against the side 
pf the block. jVnd the third disadvantage, 
is the stiffness of the rope that goes over 
Mid uodtr them. 

The first two objections have been, in a 
great degree, removed by the concentric 
pulley, invented by Mr. James White : b 
[Plate IV. Fig. 27.J is a solid block of brass, 
ID which grooves are cut, in the proportion 
pf 1, 3, i, 7, 9, &c. and & is another block 
pf the same kind, whose grooves are in the 
proportion of 2, 4, 6, 8, tO, &c. and round 
these grooves a cord is passed, by which 
^ncans they answer ihe purpose of so many 
distinct pulleys, every point of which mov- 
ing with the velocity of the string in con- 
tact with it, Ihe whole fricUoti va t«ao"»«.'l 

tils two centres of motion, o^ vlaa \Asaii2t& 
u 2 ^k 
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A and B ; besides it is of no small advaii' 
tage, that the pulleys being all of one piece 
there is no rubbing one agsdnst the others. 

Emma, Do you odculate the powa 
gained by this pulley, in the same method 
as with the common pulleyB i 

leather* Yes, for pulleys of every kind, 
the rule is general, the advantage g^ned is 
found by doubling the number of the pul- 
leys in the lower block : in that before yoa 
there are six grooves* which answer to as 
many distinct pulleys, and consequendy the 
power gained is twelve, or one pound at r 
will bakince twelve pounds at w. 
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CONTERSATION XIX. I 



Of the Inclined Tlanc. 



hES. We may now describe the 
Dcd plane, whicK is the fourtli mechK- 
I power. 

Varies. You will not be able, I thJnk^' 
dace this also to the principle of the j 
r> 

Jtfier- No, it is a tlistinct principle, and 
s writers on these subjects reduce a.t 
the six mechanical powers to two, viz. 
ever and inclined plane. 
nma. How do you estimate the ad- 
ige gwned by this mechanical jtower ? 
after. The method is very easy, for 
IS much as the lengdi of the plane ex- 
pjw. perpendicular height, so mucfcj^; 



the advantage gained. Suppose a b ( 
IV. Fig. 28.) is a plane sUnding ( 
ble, and c d another plane inclined t 
if the length c d be three times greate^ 
the perpendicular height ; then the c 
B will be supported upon the plane c j 
a weight equal to the third part of il 
weight- 

Emma, Could I then draw up a 
on such a plane with a third part ( 
strength that 1 must exert in lifting il 
the end .' 

Father. Certainly, you might; 
however, must be made for overcom 
friction ; but dien you perceive, as in other 
mechanical powers, that you will have thno 
times the space to pass over, or that as yoa. 
gain power you will lose time. 

Charles. Now I understand the reasOn 
why sometimes there are two or three 
strong planks laid from the street to l3(e 
ground-floor warehouses, making therewith 
an inclined plane, on which heavy packages 
tre raised or lowered. 
_^at^er. The incUned ■^Amcvc w dA»Sl 
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used for raising heavy weighu (o smalt 
faeights, for in warehouses situated in tbc, . 
uj^r part of buildings, cranes and p 
»tc better adapted for the purpoae. 

Charlei. I have sometimes, papa, amused ' 
nyself by observing the difftrence of lime 
nliich one marble has taken to roll down a 
imooth board, and another which has fallen 
by its own gravity without any support. 

father- And if it were a long plank, and 
you took care to let both marbles drop from 
the hsind at the same instant, I dare say you 
fbond the difference very evident. 

Charles, I did, and now j'ou have ena- 
Med me to account for it very satisfactorily, 
by showing me that as much more time ts 
ipent in raising a body along an inclined 
plane, than in lifting it up at the end> as 
l&at. plane is longer than its perpendicular 
fclght. For I take it for granted that the 
holds in the ascent as well as in the 
cnt. 

^ofAcr. If you have any doubt rcmai 

■ a /etv words \v\\\ majtc every ' 
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clear. Suppose your marbles placedJ 
plane* perfectly horiz^ontal, as on this f 
they will remain at rest wherever thej 
placed : now if you elevated the | 
such a manner that its height thoul 
equal to half the length of the plane^fl 
evident from what has been showD I 
that the marbles would require a force i 
to half their weight to sustain them in 8 
particular position : suppose then the plane 
perpendicular to the table, the marbles will 
descend with their whole weight, for now 
the plane contributes in no respect to sup* 
port them, consequently they would require 
a power equal to their whole weight to keep 
them from descending. 

Charles. And the swiftness with which 
a body falls is to be esiimaled by the force 
with which it is acted upon f 

Father. Certainly, for you are now suf- 
ficiently acquainted with philosophy to know 
that the effect must be estimated from the 
Suppose an inclined plane is Airty- 
ncet long, and its perpendicular height 
a feet, what time will a marbtc tafc« 
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a fiJltng down the plane, and also in de- 
ceoding from the top to the earth by the 
brcc of gravity- ? 

Charles. By the attracbon of gravitation, 
I body fails sixteen feet in a second (See p> 
S5.) therefore the marble will be one second 
in falling perpendicularly to the ground ; 
md as the length of the plane is double its 
hetght, the marble must take two seconds 
to roll dovn it. 

Father' I will try you with another ex- 
^])le. If there be a plane 64 feet perpen- 
Ocular height, and 3 times 64, or 192 feet 
long, tell me what time a marble will take 
In falling to the earth by the attraction of' 
gravity, and how long it will be in descend- 
ing down the plane. 

Charles. By the attraction of gravity it 
prill fall in two seconds ; because, by multi- 
plying the sixteen feet which it falls in the 
first second, by the sqaare of two seconds 
(the time) or four, I get sixty-four the 
height of the plane. But the plane being 

Kies as long as it is perpendicularly 
nust be three times as many seconds 
I 
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in rolling down the plane, as it was in 
acending freely by the force of gravityy i 
IS, six seconds. 

Emma.. Pray, papa, what common 
struments are to be referred to this mei 
nical power, in the same way, as sciss 
pincers, &c. are referred to the lever ? 

Father* Chisek, hatchets, and whati 
other sharp instruments which are cham 
ed, or sloped down to an edge on one ( 
Only, may be referred to the principle 
the inclined plane. 



.^ 
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Of Ite Wtdge. 
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EJi. The next mechanical power 

Iffc, which is made up of the two 

ted planes d e f o and c e f C (Plal 

ig. 29.) joined together at their bi 

G : D c is the whole thickness of 

: at its back a b c D, where the pow- 

r is applied, and □ f and c f are the length 

( its sides ; now there will be an equili- 

between the power impelling the 

teedge downward, and the resistance of the 

toood, or other substance acting against it) 

(ftides, when the thickness D c of the wedge 

B length of the two sides, or. which 
me thing, when half the thickness 
I 
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C E of the wedge at Us back : 
length of D F one of i(s sides, as the {i 
ra to the res'iBtance. 

Charles. This is tVe principle of t 
clioed plane. 

Father. It is, and notwithstanding i 
the disputes which the methods of calculil* I 
ing the advantage gained hy the wedge hart I 
occasioned, 1 see no reason to depart from 1 
the opinion of those who consider the 1 
wedge as a double inclined pint 

Emma. 1 have seen people clean 
wood with wedges, but thpy seem to I 
no effect, unless great force and great v 
city are also used. 

Father. PTo, the power of the attntcdoft 
of cohesion, by which the parts of irood 
slick together, is so great, as to require a 
considerable momentum to separate them. 
Did you observe nothing else in the opera- 
tion worthy of yuur attention *. 

Charles. Yes. I aUo took notice that the 
wood generally split w Hitic below tlie place 
to which the wedge reachtd. 

J^ter. 'I'his haiipens in cleaving j 
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and then the advantage ' 
,^ Biis meclianical power, must be 
brtion as Che length of the sides of ' 
:t in the wood is greater than tlie i 
of the whole back of the wedge- 
are other varieties in the action of 
Ige ; but, at present) it is not necea- ' 
refer to them. 

a. Since you SEud that all instru- 
vhich sloped olT to an edge od one 
,y, were to be explained by the prin- 
' the inclined plane ; so, I suppose, 
>se which decline to an edge on both 
nust be referred lo the principle of 

fr. They must, which is the case 

any chisels, and almost all sorts of ' 

c. 

la. Is the wedge much used as a ; 

lical power ! 

er. It is of great importance in a 

iriety of cases, in which the other 

lical powers are of no avail ; and 

iBca from die moinenium of the < 

KRter, bcyotid co«H}ai\aQis.^ i 
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than the application of any dead weig 
pressure) such as is employed in the 
mechanical powers. Hence it is as 
splitting wood, rocks, Sec. and evet 
largest ship may be raised to a small 1] 
1^ driving a wedge below it. It is 
used for raising up the beam of a h 
vrhen the floor gives way, by reason o 
great a burden being laid upon it. 
uaual also in separating large mill-s' 
from the siliceous sand-rocks in some 
of Derbyshire to bore horizontal hole 
dcr them in a circle, and fill these 
pegs or wedges made of dry wood, « 
griidually swell by the moisture of 
earth, and in a day or two lift up the 
stone without breaking it ; to this pn 
Dr. Darwin alludes : 

Climb lliE rude steppa, the ^aiiite-ciills Biirroiii 
Pierce wilh Eteel points, wilh nooili^n veil^esvi 
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CONVERSATION XXT. 



Of tlie Screw. 

FATHER* Let us now examine the 
properties of the sixth and last mechanical 
power, the screxv ; which, however, cannot 
be called a simple mechanical power, since 
it is never used without the assistance of a 
lever or winch; by which it becomes a 
compound engine, of great power in press- 
ing bodies together, or in raising great 
weights. A B (Plate iv. Fig. 30.) is the 
representation of one, together with the 
lever d f. 

Emma* Tou said just now, papa, that 
all the mechanical powers were reducible 
cither to the lever or inclined ^\wwvi, \tfs^ 
can the screw be referred to titVv«\ 

n2 



Father- The screw is composed of ■ 
pans, one of which a » is called the s 
and consists of a spiral protuberance, 
the thread, which may be supposed to 
wrapt round a cylinder ; the other part c D, 
called the nwf, is perforated to the 
sions of the cylinder; and in the intend 
cavity is also a spiral groove adapted W 
receive the thread. Now if you cut a slip 
of writing-paper in the form of an inclined 
plane a b c, (Fig. 30.) and then wrap U 
round a cylinder of wood, you will fiiul 
that it makes a spiral a.iswering to the 
spiral part of the screw ; moreover, if yOu 
consider the ascent of the screw, it will 
«videnc that it is precisely the ascent 
mclined plane. 

Charles. By what means do you ci 
late the advantage gained by the screw? * 

Father. There are, at first sight, CTi* 
dently two things to be taken into conside- 
ration ; the first is the distance between the 

1 threads of the screw ; — and the second is 

■Aai^gTJ) oi the lever. 



, if v6» 
will' H . 

"m 
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^ how it is an inclined plane, and that 4 
is more or less easy as the tlireu 
of the spiral are nearer or farther dbts 
from each oiher. 

Father. liVtll then, let me exar 
a question, wliether your concept 
accurate ; suppose two screws, the 
ferences of whose cylinders are t ,. . _, 
one another; hut in one, the distance of tl^ 1 
threads to be an inch apnri ; and that of tw 1 
threads of the other only one-third of tt|} f 
I inch ; what will be the difference of thi 1 
idvantnge gained by one of the screws ovec J 
ihe other ? 

CItarles. The one whose threads »#.] 

times nearer than those of ihe othett I 

liiius,t» I should think, give three times thc^J 

rt advantage. 

Father, Give me the reason foe i 

PD assert. 

Charles. Because, from the principle i 
inclined plane, I learnt that if the fieig^_ 
TtS two planes were the same, but the length 
one, twice, (hrice, or four ume.^ ^mWs 



Charles. I do ; — it may be done « 
by taking a longer leveri or by dimintfl 
the distance of the threads of the sere 

Father. Tell me the result then,] 
posing the threads of ihe f 
to stand at the distance of but one qi| 
of an inch asunder : and that the lengj 
the lever were 8 feet instead of 7. 

Charles. The circumference of the cirS 
made by the lever will be 8 multiplied by 
6, equal to 48 feet or 376 inches, or 2304 
quarter inches, and as the elevation of the 
screw is but one quarter of an inch, the 
space passed by the power, will, therefore* 
be 2304 times greater than that passed by 
the weight, which is the advantage gained 

Father. A child then capable of moving 
the lever sufficiently to overcome the fric- 
tion, with the addition of a power equal to 
one pound, will be able to raise 2304 pounds, 
or something more than 20 hundred weight 
and a half. The strength of a powerful 
wan H'ouM be able to do 20 or 30 times as 
muck more.. 



Charles. But I have seen 

W ^"s paper-mills, to which I once wentj 

six or eight men use alt their strength in 
taming a screw, in order to press out the 
water of the newly made paper> The 
power applied in that case must have been 
very great indeed. 

Father. It was ; but f dare say that 
you are aware that it cannot be estimated, 
Iqr multiplying the power of one man by the 
nuinber of men employed. 

Charles. That is, because the men stand- 
ing by the side of one another, the lever is 
shorter ,to every man the nearer he stands 
to the screw, consequently though he may 
exert the same strength, yet it is not ao 
effectual in moving the machine, as the ex- 
ettion of him who stands nearer to ihe ex- 
tteroity of the lever. 

Father. The true method, therefore, of 
calculating the power of this machine, aid- 
ed by the strength of these men, would be 
Id estimate accurately the power oC e'lKK 
according lo his position, ani tW-R a^- 
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ding all these separate advaatages torn 
for the total power gained. 

Emma. A machine of this kiod, i 
believe, used by book-binders, to press the ' 
leaves of the books together before they arc 
stitched ? 

Father. Tes, it b found in every bool* 
binder's wort-shop, and is particularly use- 
ful where persons are desirous of having I 
> small books reduced to a still smaller sixc ] 
for the pocket. It is also the principal rr 
chine used for coming money ;— for taking 
off copper-plate prints ; and for printing in 
general. 

Charles, I remember Dr. Darwin's df" 
Bcription of coining. 

WiiLiron llpa his rapid rollers seize 

The lenglhninft bars, in thin eipansion aquee/i;, 

nMcendinff Jtcrrrw with pnnd'rous flj-wheels woun* 

The tnwny pktes, tile new medallionB rounds 

Hard dies of iteel Ike cupreous circles crucip, 

And will) quick full his mftuy liamm^n itanip> , , 

The Harp, tht l.ily, «nd Ihe Lion join. 

And Groflnc, and Rhituii %yi'Ki. ths alerting k 
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Father* These lines are descripdve of 
Mr. Boulton's magnificent apparatus for 
coimng; the whole machinery is worked 
b7an improved steam-en^ne, which rolls 
the copper for half-pence; works the screw* 
presses for cutung out the circular pieces 
of copper; and coins both the faces and 
edges of the money at the same dme : and 
BBce the circulation of the new half-pence, 
ve are all acquainted with the superior ex- 
cellence of the workmanship. By this ma- 
chinery, four boys of ten or twelve years 
old, are capable of striking 30,000 guinies 
in an hour, and the machine itself keeps an 
onerring account of the number of pieces 
struck. 

Emma. And I have seen the cyder-press 
ia Kent, which consists of the same kind ol 
machine. 

Father* It would, my dear, be an al- 
most endless task, were we to attempt 
to enumerate all the purposes to which the 
screw is applied in the mechanical arts of 



O 
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life ■ it «ill, periiaps, be suffieren' <» Kl)'** 

i dial wtertver great preuure Is Itquira 

there the power of the screw i» mifo™ 

>ved. 
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CONVERSATION XXH. 



OF THE FIXED STARS. 



Tutors-Charles— James. 

CHARLES. The delay occasioned by 
our unusually long walk, has aflPorded us 
tmt of the most brilliant views of the hea- 
vens that I ever saw. 

James. It is uncommonly clear, and 
the longer I keep my eyes fixed upwards, 
the more stars seem to appear : how is it 
possible to number these stars ? and yet I 
have heard that they are numbered, and 
even suraaged in catalogues accotdAti^ \o 

o2 
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their apparent magnitudes. Pray sir, cspUin I 
to us how this business ivas performed. 

TuloT. This I will do, with great plea- I 
sure, some time hence, but at present, Imust 
tell you that in viewing the heavens with 
the naked eye, we are very much deceived 
as to the supposed number of stars that are I 
at any time visible. It is generally admittedf 
and on good authority too, that there arc , 
never more than one thousand stars visible 
to the sight, unassisted by glasses, at aoy 
one lime, and in one place. 1 

yames> Wliat ! can I see no more that a 
thousand stars if I look all round the hea- 
vens i I should suppose there were millions. 

Tutor. This number is certainly the limit 
of what you can at present behold ; and 
that which leads you, and persons in gene- 
rel, to conjecture that the number is so 
much larger, b owing to an optical decep- 
tion. 

yanies. Are we frequently liable to be 
deceived by our senses ! 

Tutor. We are, if we depend on them 
• but where wc Kavc aa o^^wamsq ;» 
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ing in the assistance of one sense to 
I of another, we are seldom subject to 
convenience. 

'les. Do you not know that if you 
I small marble in the palm of the left 
and then cross the second finger of 
ht hand over the lirst, aiid in that [k>* 
with your eyes shut, move the mar- 
:h those parts of the two fingers at 
rhich are not accustomed to come in- 
tact with any object at the same 
hat the one marble will appear to the 
IS two ? In this instance, without the 
xce. of our eyes, we should be deceiv- 
thc sense of feeling. 
>r. 'I'his is to the point, and sho^vs 
e judgement formed by means of a 
sense Is not always to be depended 

Its. I recollect the experiment very i 
ire had it from papa, a great while 
But that has nothing to do with the 
idgement which we are said to form 
Jie Dumber of stars. 



ASTROKOm*. ^^ 

Tutor. You are right ; it does not 
diately concern the subject before us, 
tnay be useful as afTorclIng a lesson c 
dcsty, by instructing us tliatwe ought 
dost; our niinJs againsC new evident 
may be offered upon any topic, nc 
standing the opinions we may have i 
rorQied> You say, that yuu see mill 
stars, whereas the ablest astronomers 
that with tile naked eye you cannot 
lime see so many as a thousaud. 

Charles. 1 should indei^d have t 
with my brother, had )"ou not assert 
contrary ; and I am anxious to kou 
the deception happens, for 1 am sur 
must be a great dectption boinewhe; 
do not at this time behold very mani 
sanda of st.irs in the heavens. 

Tutor. You know that we see 
only by means of the rays of light 
proceed tVom them in every directioi 
you must for the present, give me 
when I tell you that the distance of i 
ed Etars from ua is immensely great, 
gucDtly the rays of \\^\ Viot* \o vc s 



^ the course of which, esprcially ' 
^Bsage through our atmosphere, 
S lubjcct to numberlcBS refections^ 
V refractions. By means of these, other 
B of light come to the eye, every one of 
, perhaps, impresses upon the mind 
Sdea of so many separate stars. Hence 
|es that optical fallacy by which we are 
jlo believe the stars which we behold ajre 
bmerable. 

fmnea. I should like to see an experi- 
Bt to confirm this. 

htfer. I have no objection : in every case 
(■ought to require the best evidence that 
balijtctwill admit of: 

p*!) wfc OF learcb I bUme thee not, for heaven 
a the book of God before llie set, 

J to read liis wonderous works, mA team 
itWM, bouw, or days, or monibs, ur yc 

MllTON. 



^W you two experimeoCs which 

jft'a good Way to remove the difficulty. 
L for this purpose, v/e must step itAo <i^t& | 
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Here are two common loolcing-g 
wliich, [ihilosophically speaking, : 
mirrors. I place them in such a n 
ihe table that they support one anothefl 
falling by meeting at the top. 
this half-crown between them> on a b 
to raise it a little above the table, 
how many pieces of money you wouliJ'— pj, 
pose there were, if you did not know that Ij 
had used but one. 

yames. There are several in the glaSSM^, 

Tutor. I will alter the position of thl 
glasses » little, by making them almortlT 
rallel to one another ; now look into^ 
and say what you see. 

James. There are more half-crow 
than there were before. 

Tutor. It is evident, then, that by.d 
t'lon only, a single object, for I hay* 
use of but one half-crown, will pvej 
idea of a vast number. 

Charles. If a little contrivance hat 

used to conceal the method of making iM 

experiment, 1 should not have believed bill 

&there had been several half-crow 
I of one. 




owi^j 
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TutoTm Bring me your multiplying glass ; 
look through it at the candle : how many 
do you see I or ratlxer how many candles 
should you suppose there were, did you not 
Jknow that there was but one on the table ? 
' yamtu* A great many, and a pretty sight 

It IS. 

• Charles. Let me see ; yes, there are : but 
lean easily count them ; there are sixteen. 

Tvtor. There will be just as many ima- 
ges of the candle, or any other object at 
which you look, as there are different surfa- 
ces on your glass. For by the principal 
of refracton^ the image of the candle is 
seen in as many different places as the 
g^biss has surfaces ; consequently, if in- 
stead of 16 there had been 60, or, if they 
could have been cut and polished so small, 
GOO, then the single candle would have gi- 
ven you the idea of 60, or 600. What think 
jou now about the stars ? 

yamesm Since I have seen that reflection 
and refraction will each, singly, afford such 
optical deceptionsy I can no longtT Aovfc\^ 
Aat that, if both these causes are cotiWvtv^^ 
9 you $ay they arc with respect to \>Lve xw« 
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of light coming from the fixed stars, »fl 
sand real luminaries may have the pow 
excicing in my mind the idea of mitlions;^ 

Tutor. 1 will meiuion another e 
mctit, for which you may be prepan^l 
against the next clear star-liglit night. 
along narrow tube, the longer and narrovctl 
the better, provided its weight does notj 
render it unmanageable : examine throujit ' 
U any one of the largest fixed stars; which, 
are culled stars of the Jint magnitude 
' you will find that though the tube t 
as much sky as would contain i 
stars, yet that the single one at whiol 
are looking, is scarcely visible, by t^ 
rays which come directly from it: 
another proof that the brilliancy of tJ 
vena is much more owing to reflects 
r^artc</ light, than to tiir-. dii-ect ray»J 
rom the siuTF. 
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8 itself ; shall 



Another beautiful e 

the advant^ 
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FtKiinical lectures 2 

</ Tutor, 1 have no objection, for we ( 

|not always enjoy such opportunities as t' 

)brightQeas of the present evening affords, j 

\ James. I wish very much to know h 

nD distinguish the stars, and to I 

^call them by their proper names. 

Tutor- This you may very soon leamj, 
Jtfw evenings, well improved, will i 
you to distinguish all the stars of the fi 
[magnitude which are visible, and all I 
Native positions of the different constelfl 
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'Jamts. What are constcllatioiis, 

Tutor. Ilie ancients, that they ni 
better distinguish and describe tb 
with regard to their situation in t 
vens, divided them iato constelbtio 
is, systems consisting of auch stare 
near to each other, giving them th 
of such men or things, as they fane 
space which they occupied in the 1 
represented. 

Charlei. Is it then perfectly ai 
that one collectiwi ia called the grt 
another the dragon; a third Hercu 
so on? 

Tutor. It is; and though the 
been additions to the number of 
each constellation, and various new 
latiuns invented by modem astrt; 
yet the original division of the a2 
thi:se collections, was one of those i 
irarv inventions which has descendi 
Diit alteration, otherwise than by s 
irom the daj-s of Ptolemy down to 
sent time. — Do you know how to 



bur Cardinal points, as they arc usually 
died, the North, South, West, and Eaatt 
'yames. O yes, I ^oq,^ hat if I look at' 
!li6 sun at twelve o'r ' ^., ai noon, 1 am aW' 
Db&iDg to the soutl^ vhere he then is ; ray 
9ck is towards the north ; the west is on 
iy right hand, and the east on my left. 

Tutor. But you must learn to find these 
loints without the assistance of the sun, if ^ 
^ou wish to be a young astronomer. 

Charles. X have often heard of the north 
iole atari that will perhaps answer the pur- 
pose .of the suD, when he has left us. 

Tutor. You are right ; do you see those; 
leven stars which are in the constellation 
the Great Bear ; some people have supposed 
^eir position will aptly rcpreseni a plough ; 
others say, that ihey are more like a vag- 
f^n and horses .—-the four stars representing 
the body of the wagijon, and the other three 
the horses, and hence ihey are called by 
tome the plough, an ! b)- others they are 
called Charles's wain > r waggon. Here is 

o<iin(fii't|iv. gig* 1.) fl^jrf: 



i 
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represents the four stars, and ezB 
three. 

Charles. 'What is the star p i 

Tutor. That presents the polw 
which you just now alluded ; and 
serve, that if a line were drawn thro 
stars b, and a, and produced far em 
would nearly touch it. 

yameS' Let me look in the heaV 
it by this guide. There it is, I sup| 
shines with a steady, and rather de 
of light, and it appears to me, that il 
ix a tittle to the right of the Une ; 
through the stars 6 and a. 

Tutor. Tt would and these stars a 
crally known by the name of the pt 
because they point to p the north pel* 
is situated alittle more than two degrd 
the star p. 

Charles. Is that star always in tli 
part of the heavens ? 

Tutor. It may be considered as u 

ly maintaining its position, while d 

stars seem to move round it as a cenl 

khiill have occasion to refer to this ata 



esen(, I have directed your attention to 
a proper method of Sndiiig the Cardi- 
□ints by star-light- 

mes. Yes, I understand now, that if I 
to the north, by standing with my face 
^ Starr the south is at my back, on my 
hand is the east, and the west on my 

(for. This is one important step in our 
Domical studies ; but we can mate use 
tae stars as a kind of standard^ in or- 
D discover the names and positions of 
's in the heavens. 
.aries. In what way must we proceed ; 
is business i 

ttor. 1 will give you an example 
conceive a line drawn from the star z, 
ng B a little to the left, aad it will pass 
1^ that very brilliant star A near the 
[Qa towards the west. 
vmes. I see the star, but how am I to 
V its name .' 

liter. Look on the celestial globe for 
itar z, and suppose the line drawn on 
globe^u wc conceived it doiiti in t' 
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heavens, and you will find the sttr, sni^| 

name- "^ 

CharUt. Here it is ; — its name is Aie- 

' uin». 

I Tutor. Take the figure, (Fig. 1.) md 

place -Vrcturus at a, which is iu rebnW 

I position, in respect to the constelljuion of 

I the Great Bear. Now, if you conceive a 
line drawn through the stars g and 5, and 

( extended a good wav to the right, it wiH 
pass just above another very brilliaot star. 
Kxamine >hc globe ns before, and find i^ 

, name. 

Charles. It is Capella, tlic gvat. 
Tutor. Now, whenever you see any oC 
these stars, you will know where to lo oMfc 
for the others without hesitation. 

yamea. But do tJiey never move 
iheir places ? 

Tutor. With respect to us* they seem to 
move together with the whole heavens. But- 
they always remain in the same relative po- 
sition, with respect to each other. Hence, 
they are called Jixed stars, m opposition to 
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ly changing their places, both With 
1 to the fixed stars, and to themselves 

'.rles* I now understand pretty well 
sthod of acquiring a knowledge of the 
. and places of the stars. 
Gr. And with this, we will put an etid 
present conversation. 
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Of the Fixed Stan, and Ecliptic. 

TUTOR. I dare say Aat j 
have no difficulty in finding the noi 
star as soon as we go into the oper 

y antes. I shall at once know ' 
look for that and the other stars wl 
pointed out last night, if they 1 
changed their places. 

Tutor. They always keep tl 
position, with respect to each othei 
their situation, with regard to the 
will be different at different season 
year, and in different hours of tl 
Let us go into the garden. 

Charles. The stars are all in 
nlace as we left them last evening 
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sir, if we conceive a straight line drawn 
itirough the two stars in the plough, whkb, 
ID your figure (Fig. 1.) are marked J and 
g, and to extend a good way down* it will 
pass, or nearly pass through a verj' bright 
itu-, though not so bright as Arcturua or 
Capelkt, what a that called i 

Tutor, It is a star of the aecond mag- 
Bitude, and if you refer to thu celestial 
^ber in the same way as you were ia> 
ttructed last night, you will find it is called 
^egttlusy or Cor Leonia, the lAorCt htarU 
By this method you may quickly discover 
the names of all the principal stars, and 
ifterwards with a little patience, you will 

ily distinguish the others, which are less 
»]nspicuou3. 

Charles. But they have not all names |) 
t» are they specified ? 

Tutor. If you look on the globe, yoii 
IriU cfcserve, that they are distinguished by 
different letters of the Greek alphabet; 
lad in those constellations, in which ibere 
stars of different apparent ma^mWiiie,*^ 

i» « alpbay the next in »£« P-VW)fc|i. 
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the third y gamroa, the fourth i A 
•o oo> 

yamest !■ there any paiticubr I 
fistlusf 

Tutor. The adoption of the c 
of the Greek alphabet, raiber than aigTI 
other, waft perfectly ariiitiary ; 
ever, of great importance, that the • 
characters should be used in genent fay I 
UtroDomers of all countries, for by this 1 
mean& the science is in posseuion of a soR 1 
of univenal language ? 

Charles, Will you explain bow this ift> 
Tutor. Suppose an astronomer in ?ior^ 
America, Asia, or any ocber part of die 
earth, obBcrvc a comet in that part of the 
heavens were the confltelliuion of the filaagk 
ift liiuau-d, and he wishes to describe it to 
his friend in Great Britain, in order that 
he may know, whether it was seen by the 
tnhabitants of this iaUnd. For this pur- 
pose, he has only to mention the lime when 
he discovered it i its position, as nearest (o 
come one of the stars, calling it by the 

~"^ ~v which ttisd 



course which it took from one star to* 
is another. Thus he might say, iha^ 
luch a time he saw a. comet near ^in the 
:at Bear, and that its course was directed 
n J to ^, or any other, as it happens. 
Charles- Then, if his friend here had 
t a comet at the same time, hs would, 
this means know, whether it was the 
le or a different comet i 
Vt^or. Certainly, and hence you per*' 
<e of what importance it is, that astrono* 
■S in different countries should agree to 
:k the same stars and systems of stars 
the same characters. But to return to 
t star, to which you just called my at- 
ion, the cor lewis, it is not only a re- 
rkable star, but its position is also re- 
rkable, it is situated in the ediplk. 
fames. What is that, sir ? 
rmor. The ecliptic is an imaginary great 
:le in the heavens, which the sun appears 
describe in the course of a year. If yoa 
k on the celestial globe, you will see it- 
tked with a red line, perhaps an emblem 
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of die fierce beat commiiokMcd j 
tl»t body. 

yames. But the sun s 
circular motion in the heavens e 

Tutor. It docs ; iuid this is e 
Apparent diurnal, or dwly modoo, 
very different from (he [nth it spj 
trax*er5e in the course of a if-ear. ' 
mer is observed by the roost im 
spectator, vho cannot but know, 
BUQ is seen every- morning in the ! 
noon in the South, and in the eve 
(he West ; but the knowledge of tl 
must be the resuJt of patient obser^ 

Charles. And what is the ffrl 
which crosses it ? 

Tutor, ft is called the Equator; 

Ml imaginary circle belonging to thtf 

flich yoH must lake for granted, \ 

_er, is of a globular form. If yi 

Keive the plane of the terrestrial 

■ to be produced to the sphere-' 
&«:d stars, it would mark out a (^ 
' e beavens, called the cWestio'^ 



tfuiitoctial, which would cut the fdiptk 'm 
two pans. 

James. Can we trace the circle of the 
W^ft'c in the heavens P 

Tuter. It may be done with tolerable 
accuracy by two methods ijirst, by observ« 
iag several remarkable fixed stars, to which 
the moon in its course seems to approach* 
Hie second method is by observing th« 
places of the planets. 

• Ckaries. Is the moon then always in the 
uitiptic? 

Tutor. Not exactly so ; but it is always 
cither in the ecliptic, or within five degrees 
Mid a third of it on one side or the other. 
The planets also, by which 1 mean, Mer- 
wy^ ^'enus, Mars, Jupiter, Saturn, and 
■jlte Hcrsciiel, are never more than eight 
4tg^e» distant from the line of the ecliptic. 

yames. How can we trace this line, by 
ile]|) of thu fixed stars ? 

Tutor. By comparing the stars in the 
feavens, viih their n-preseniaiives on the 
tttifici:]! giobt; a practice whicH wi'a.'^ Vt 

~ 'oireiif as jou have actn. 

« 
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mention to you the names of those starts 
and you may first find them on the globci 
and then refer to as many of them as art .,^ 
now visible in the heavens. The first is in, • 
the RanCs horn called * Arieteu^ about- tea 
degrees to the north of the ediptic:; the J 
second is the star Aldebaran in the Btjdl's i 
eye, six degrees south of the ecliptic. - * I 
: Charles. Then if at any time I see these \ 
two stars, I know that the ecliptic runis be- < 
tween them, and nearer to Aldebanm, than 
to that in the Kam^s horn. 

Tutor. Yes : now carry you eye east- 
ward to a distance somewhat greater from 
Aldebaran, than that is east of « Arietis, 
and you will perceive two bright stars at a 
small distance from one another called 
Castor and Pollux; the lower one, and that 
which is least brilliant, is Pollux^ seven 
degrees on the north side of the ecliptic. 
Following the same track, you will come 
to Regulus^ or the cor leon'is^ which I have 
already observed is exactly in the line of 
th(i ecliptic. Beyond this, and only two 
degrees south of t\ua \\i\t, you >«*^^\ U\\^^ 
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beautiful star in the virgin's hand, called 
Spica Virginism Vou then arrive at An- 
tares^ of the Scorpton^s hearty five degrees 
on tl^e same side of the ecliptic. After- 
wards you will find « Aquilcc^ which is si- 
tuated nearly thirty degrees north of the 
ecliptic ; and farther on. is the star Foma* 
haul in the fish's mouth, about as many 
degrees south of that line. The ninth and 
last of these stars is PegasuSf in the wing 
of the flying-horse, which is north of the 
ecliptic nearly twenty degrees. 

James* Upon what account are thes^ 
nine stars particularly noticed f 

Tutor. They are selected as the most 
conspicuous stars near the moon's orbit, 
and are considered as proper stations, from 
which the moon's distance is calculated for 
every three hours of time : and hence arc 
constructed those tables in the Nautical Al- 
manac^ by means of which Navigators, in 
their most distant voyages, are enabled to 
estimate, on the trackless ocean, the ^arti- 
cvHar part of the globe on which tYvey ?iX^n 
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Tutor. You must ; or some other book 
of the same kind, if you would proceed oil' 
the best and most rational pLm- Besid 
when you know the use of this book, vhidl < 
you will completely with half an hour'^sifc*' 
tentioQy you have nothing more to do iB 
order to find the position of the planets it 
any day of the year, than to turn to dot 
day in the Ephemcrib, and you will in* 
st:intly be directed to those parts of die 
heavens in which the different planets are 
situated* Turn to the second page. 

Charles, Ilere the astronomical charac- 
ters urc explained. 

Tutor* The first twelve are the ^epr^ 
Scntativcs of the signs into which the circle 
of the ecliptic is divided, called also th( 
twelve signs of the Zodiac* 

^ Aries. SL Loo. / SagUtariMS. 

^ Taurus. rtji Virg^). IrJ Capricorn. 

U r.wniiii. :£s Libra. ;J2^ Aquarius. 

2p Cancer. n^ Scoipio. ^ PiiJCCS. 
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circle connected wiih this subject 

aed to be divided into 360 parts, 

legrees, and since that of the ecliptic 

I divided into 12 signs, each sign 

mtain 30 degrees. Astronomers 

ide each degree into minutes and 

, thus if I wuuld express an angle 

legrees, 1 1 minutes and 45 seconds, 

i write 25". . 11'. . 45 ". Or, if I 

K^Xpress the situniinn of the aun for 

t of January, 1800, 1 look into the 

Kris and find it in Capricornj or 

. 56'. . 38", 

What do you mean by the Zo- 
'diac i 

Tutors It is an imaginary broad circle 
or belt BUrrounding the heavers, about six- 
teen degrees wide ; along the middle of 
vhich runs the ecliptic. The term Zodiac 
is derived from a Greek word signifying 
an animal, because each of the twelve signs 
Ibrmerly represented some animal j that 
which we now call lafara, being by the q»V] 
dents reckoned a part of Scorpio. 



James. Why are the signs of (Tie | 
diac called by the several namca t " 
Taurus, Leo, Sec. I see no likeness U 
heavens to Itams, or Bulls, or Lions, i 
are the English uords for those 1 
ones. 

Tutor, Nor do I ; nevertheless, the an* I 
cienu saw, by the help of a strong imagiia- 1 
tion, a similarity between those animab 
and the places which certain systems s 
stars took u|> in the heavens, and gaVE 
them the names which have continued nf 
this day. 

Charles. Perhaps these were originally I 
invented, in the same way as we somctimts 
figure to our imaginationi the appearances 
of mcu, beasts, ships, trees, &c. ia the flyb 
clouds or in die lire, 

Tutor. They might possibly havel 

better authority for ihtir origin. At any" 

rate it will Ijc ustful for you lo have llie 

names of the twelve signs in your meinar^^ 

I as well as the order in which they stan^ 

L will therefore repeat some lines ' 



any 

e iltc 

>orj» 

:andd^ 



|lr> Watls, in whith they are expressed 
iBglish, and will be easily remembered; 



. The *itm, the SutI, the hemenl^ Tviim 
It the Craft, the tJan shines. 
The Virgin and the Scutft i 
^Tic Snrpim, JftJmr, uiil Sea-Gwit, 
WiMiuitluit hoUls theiMinnnf ^r, 
I And fi>/> with glittering taiU. 



ireVj 



lar/c We come now to the chaz 
jb'placed before the planets. 
*" These, like the former, are \ 

1 of short-hand characters, which, it 
Kined easier to write, than the names 
E planets at length. They are as fol- 



9 Thp Kerschel. Q The Sun. JH 

1-1; Saturn. ? Vctiui. ^H 

2l Jupiter. $ Morcury. ,^^| 

% M»r9. y The Moon.^^l 

f Q Tlie E»nh. 

^ the other characters yoa have no need 
(uble yourselves, till you come to cal' 
e eclipses, and construct aaironntnica! 
, a labour which may be deferred foc 
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some years to come. Turn to the eighth 
page of the Ephemeris. ' ■ .^ 

James* Have we no concern with the' . 
intermediate pages between the second and * 

eighth ? .J 

Tutor* They do not contain any thing ^ 
that requires explanation. In the eighth 
page, after the common almanac for Janua- 
ry, the first two columns point out the ex- 
act time of the sun's rising and setting at 
London : thus on the 10th day of January 
he rises at 58 minutes after 7 in the morn- 
ing, and sets at 2 minutes past 4 in the af- 
ternoon. The third column gives the decli" 
nation of the sun. 

yames. What is that, sir ? 

Tutor* The declination of the sun, or 
of any heavenly body, is its distance from 
the imaginary circle in the heavens, called 
the equinoctiah Thus you observe that the 
sun's declination on the first of January is 
23°. • 4' south; or, it is so many degrees 
south of the imaginary equafr. Turn to 
March 1803j and you will see that between 
^Ac 20th and 21st davs iV.\^m\X\e ^^^^-^^sst^ 
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Jorat 12 o'clock at noon on the 20th it is 
only 25' south, and at the same hour on 
the 21st it is 1' north of that line: and 
when it is in the equator, then it has no de- 
clination. 

Charles. Do astronomers always reckon 
torn 12 o'clock at noon ? 

Tutor. They do : and hence the astro- 
K)mical day begins 12 hours later than the 
lay to according to common reckoning : 
ind therefore the declination, longitude, 
atitude, &c. of the sun, moon, and planets, 
ure always put down for 12 o'clock at 
K)on of the day to which ihey are oppo- 
iite. 'Hius the sun's declination for tlie 
I6th of January at 12 o'clock is 20°. . 56' 
south* 

Charles. Is that because it is the com- 
mencenvent of the astronomical day, though 
in common life it be called Vl o'clock ? 

Tutor. It is. The three next columns 
contain the morjn's declination, the time of 
her rising and setting, and th^ time of her 
mthhi^y or when she comes to lYie me,xv- 
&I7 or south part of tho heavens. 
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Charles. Does she not come to the flouth 
at noon as well as the sun ? 

Tutor* No ; the moon never comes to 
the meridian at the same time as the suni ! 

la 

but at the time of new moon* And this | 
circumstance takes place at every new mooD) ^ 
as you may see by casting your eye down 
the several columns in the Ephcmeris which 
relate to the moon's southing. ^ 

The glory, the changes, and the raotioftv- 
of the moon, are beautifully described in ji 
the following lines : 



By thy command the Moon, as day-light lades, 
Lifts her broad circle in the decp'ning shades ; 
An-ay'd in glory, and enthron'd in light. 
She breaks the solemn terrors of the night j 
Sweetly inconstant in her varying flame, 
She changes still, another, yet the same ! 
Now in decrease, by slow degrees she shrouds 
Her fading lustre in a veil of clouds ; 
Now of increase, her gathering beams display 
A blaze of light, and give a paler day ; 
Ten thousand stars adorn her glittVing train, 
Fall vfh&i she fiiUs, and rise v.'vtK het a^ain ; 
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And o*er the deserts of the sky unfbld 
Their burning Bpangles of sidereal g^ld : 
Through the wide heav'ns she moves serenely 

bright, 
<tueen of the gay attendants of the night ; 
Orb above orb in sweet confusion lies, 
And with a bright disorder paints the skies. 

Brooke. 

James. What do you say of the 7th co- 
lumn ; — the clock before the siinf 

Tutor. A full explanation of that must 
be deferred till we come to speak of the 
equation of time ; at present it will be suffi- 
cient for 3?ou to know that if you are in 
possession of a very accurate and well re- 
gulated clock, and also of an excellent 
sun-dial, they will be together only four 
days in a year ; now this 7th column in the 
Ephemeris points out how much the clock 
is before the sun ; or the sun before the 
clock for every day in the year. On twelfth- 
day^ 1809, for instance, the clock is faster 
than the sun by six minutes and twelve se- 
conds : but if you turn to May-day you will 
find that the clock is 3'. . 4" s\ovitT \!ww\ 
the sun. 

n 
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James What are tlie four daya \ 
years whtn the clock and dial are togethi 

Tul&r. About Uie 15lh of April; ihel 
15th nf June: the first of September! 
Chrislmaa-day. 

diaries. By this table then we n 
gulate our clocks aud watches. 

yames. In what manner ? 

Charles. Examine on any particular ^i1 
the clock or watch, and dial at the s 
rime, say 12 o'clock, and obsen-e whether, 
the difference between thetn an?iwers to the 
difference set down in the table, oppo^ 
to the dtiy of observation. ThoB on f 
12th of March, 1809, the clock Willi's 
show true time unless it be 10'. 
fore the dial, or when the dial is I2o'a 
it must be 10'. . 3" past 12 by the clo( 
watch. 

Tutor. Wtll, let UB proceed to lli? \ 

page. The first three short columns^ 

luting only to ihe duration of da>-!iglrf^ 

twilight, require no explanation ; thcfg 

, ire shall pass over for the present J a 
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remaining five give the latitude of the pla- 

QttS. 

James. What do you mean by the lati- 
tude, sir ? 

Tutor* The latitude of any heriVcnly 
body is its distance from the ecliptic north 
or south. The latitude of Venus^ on new- 
year's day, 1803, is 4® north. 

Charles* Then the latitude of heavenly 
! bodies, has the same reference to the evlip' 
tiCf that declination has to the equator i 

Tutor* It has. 

yames* But I do not see any table of the 
sun's latitude. 

Tutor. I dare say your brother can give 
you a reason for this. 

Charles. Since the latitude of a heavenly 
body is its distance from the ecliptic, and 
since the sun is always in the ecliptic^ there- 
fore he can have no latitude. 

Tutor. The longitude of the sun and 

planets is the only thing in this page that 

nemains to be explained. The longitude of 

a heavenly body is its distance {r«5Tcv \3c«i 

i Srst point of the sign Aries, and \X. \^ tcv^'^r 
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sured on the ecliptic. It ia usual, howCB 
as you observe in the Ephemeris, to tl 
press the longitude of a heavenly bodj I 
the degree of the sign in which it is. I 
this way the sun's longitude on the firstfl 
January, 1809, ia in Ciipricom 10°. . 45i| 
14"! that of the moou ia Cancer, S". • * 
that of Jupiter is in Pisces, 13"- - 35'. 

Cliurles, There are some short colunl 
at the bottom of the former page that yo 
have omitted. 

Tulor. The use of there will be beW 
understood when -we come to coavctwft 
pecting the planets.* 



:ipl(iiiaiiirti of Beliocentric L 
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CONVERSATION XXVI. 



Of the Solar Sj-stem. 

TUTOR. We will now proceed to the 
description of the Solar System. 

James. Of what does that consist, sir ? 

Tutor. It consists of the sun, and planets, 
vrith their satellites or moons. It is called 
the Solar System^ from Sol the sun, because 
the sun is supposed to be fixed in the cen- 
tre, while the planets, and our earth among 
them, revolve round him at different dis- 
tances* 

Charles. But are there not some people 
who believe that the sun goes round the 
tirth^ 

R 2 
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Tutor* Yes, it is an opinion embrace 
the generality of persons, not £iCcusti 
to reason on these subjects* It was a 
ed by Ptolemy, who supposed the 
perfectly at rest^ and the sun, planetS; 
fixed stars to revolve about it every tw 
four hours. 

yames. And is not that the most ns 
supposition ? 

Tutor. If the sun and stars were 
bodies in comparison of the earth, and 
situated at no very great distance frc 
then the system maintained by Ptolem 
his followers might appear the most p 
ble. 

yames* Are the sun and stars very 
bodies then ? 

Tutor. The sun is more than a re 
of times larger than the earth which \ 
habit, and many of the fixed stars are 
bably much larger than he is. 

Charles. AVhat is the reason, then, 
they appear so small ? 

Tutor. This appearance is caused b 
immense distance there is between u 



It is known with certainty, 
sun is more than 95 millions c£ 
• distant (rum the earth, and ihc near- 
fixed star is probably more than two 
bndred thoLisand times fattiicr from us 
10 even the sun himself.* 
Charles, But wc can form no conception 
gf such distances. 

Tutor. Wc talk of millions, with as much.' 
EMC ns of hundrtds ur tens, but ii is no^ 
jtcrhaps, possible for the mind to form an^^ 
ldequ.ite conceptioua of such high numbers^ 
Several methods have been adopted to as-.l 

the mind in coToprehending the vaatness 
^these disiaiices. You have some idea of 
ihe swiftness with which a cannon-ball pro- 
Icecda from the mouth of the gun ? 

1 have heard at the rate of eight' 
miles in a minute. 



• The yumg rearlef will, whtn he i 



fwppiitio'is iti itie iili bunk of Ur, Eihelil's tiiili'iH 
Sutunil Pliilmupby. StfUiid liUlitiun. See p. 3 
■rflwokV. 



^r> And you know how muiy tni 
!im; in a year i 

mes. 1 can sAiiiy fed that oi 
plying 365 days by 2+ for the nt 
(trs, and that product by 60, and i 

the number of minutes in a yejffi 
( number is 525,60a 
tor. Now if you divide the distanct 
1 sun from the earth by the nunilier oi 
Ks in a year multiplied by 8, became 
mnoD-Iml! travels at the rate of 8 miles 
f minute, and you will know how long 
ody issuing from the sun, with the ve- 

of a cannon-ball, woald employ la 
bg the earth. 

Zrles. If T divide 93,fX)O,O00 by 59S. 
inidtiplied by 8 or 4,20*,800, the m; 
irill be more than 22, the number of 
tiiken for the jouraey. 
^r. Is is then probable that bodies 39 
[and at such distances from the eartll) 
I revolve round it every day ? 
iflfs. I do not think it is — Wll yoD, 
[,on with the (Icscripiioo oi" the Sshi^ 



fytter^ According to this system, the sun ■ ■ 
a Ae centre, about which the planets re- 4 
ve from roest to fast, according to the ■ 
\tr of the signs in the ecliptic ; that is, if fl 
tlanet is seen in Aries, it advances to m 
UruB, then to Gemini, and so on. 1 

yames. How many plai^ets are there be- 9 
ig^g to the sun ? J 

Tutor, 'ITiere arc seven, besides some! 
allcr bodies of the same kind discovered! 
thin these nine years. C (Plate v. Fig. I 
I represents the sun, the nearest to which ■ 
frcury revolves in the circle a ; next cofl 
n is the beautiful planet Venits, who per* I 
■ma her revolution in the circle i,- theafl 
me the Earth in t; next to which is ^artj 
c t then Jupiter in the circle/; afterwards I 
tarn in g ,- and far beyond him the Wcr-^ 
hel planet perforfns his revolution in the 1 
1^ h. Do you recollect the lines in 1 
lomsoa's Summer ! | 

I ■ - ' nndihpu, QSim; '■ 

ul rtf SBiTOiindiTiir worlds ! in whoii best seen ■ 

JB^jjwt.Uijr MjKBB ! niavj sing ol' iheo? _ ^^B 



1 
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'Tis by thy secret, strong attractive force. 
As with a chain indissoluble bound, 
I'liy system rolls entire : from the far bourne 
Of utmost Jlerschel, wheeling wide his round 
Of ftmrscore years ; to Mercury, whose disk 
Can scarce be caug'ht by philosophic e^'e^ 
Lost in the near effulgence of thy blaze. i 

Charles. You have substituted the words 
Herschel, and fourscore, for Saturn and 
thirty. These lines are descriptive of the 
figure. 

yames* For what are the smaller circles 
which are attached to several of the larger 
ones intended i 

Tutor. They are intended to represent 
the orbits of the several satellites or moons 
belonging to some of the planets. 

James. What do you mean by the word 
orbit ? 

Tutor. The path described by a planet 

in its course round the sun, or by a moon 

round its primary planet, is called its orbit. 

Look to the orbit of the earth in / (Fig, 2.) 

and yoM will see a Utile cAtclt. vilv\cl\ retire- 



^ 




'orbit in which our 




None have ever been discovereij 
iging either to Mercury, Venus, or 
i. Jupiter, as you observe by the fi- 
Urp, has four moona r Saturn has seven : 
^ the Uerschel (which also goes by the 
of the Gcorgium Sidus) has sis ; these 
rwant of njom are not drawn in the plaEe^ 
Charles. U'hi- Solar Sijittin then cnnsisti 
f the Bun as the ctiun:, round which r 
jilve seven planets, and eighteen aatelliW| 
■noons. Are there no other bodie 



^TtUar' Yea, as 1 just observed, four oth) 
l^lKtary bodies have been very lately div 
peered as behjnging to the solar system 

are veiy small, and named from the" 
nllemen who descovered them, who wert^ 
1. Piiizzi, Olbera, aiid Harding. They 
re also called the Crrin Icrdinaiidea-, Pal- 

Bi, and Vesta. There are comets 
ti make their appearance > 



.linv.. I'.LiL :: :;-r Lui .*c '.:o :cr:er 

-ides ::it: :bur Locits use raenuone* 
.'luv ^viihiii :iicbc iiirtv '-'ears th 
-cN eucii -T «.:ic Mcrsclict laa z^e-^n in 

cm. 

S!:int'.u Who .irat .idcpted :he 
:i :nt: vonJ wiiit..i yua .iu.ve be«a J 
lag ; 

T::ror» It was joiitrivcd md luu 
Pvthai^)r;ib :o ilia iibLii>n."s, iOO ye 
fere cue nine oi C'ln^sC. 3uc :: -sc-in 
:o '.i-.ive letin diiji'-ijiird-jd, jr perr 

it 'vas rcvivird JV L'jp'nr.icjs, .in 
len^^-rn ^iici-ailv .id^j;?!:ei oy .iiv;a 
■*ncc: : 

Tilt? 9-' in r»?vi.lving >n hii .*x:* Mins", 
Ami X '!i «:.r:ii.:vH di-f p.icnsicly "Jur^.i ; 
ImneilM tl;e rcKT-.va ur. )ur tfsrh :>u;:r? 
Ri'ilU 'vitli Mie pLine^i r»)Unii *iii.* i» lar ^: 
First Merc: I IV c'jmpi-ites ."lS rrir.stier.'. v 
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Bright Yenns occupies a wider way ; 
The eirly harbinger of night and day : 
More distant still our globe terraqueous turns, 
Nor chills intense, nor fiercely heated bums. 
Around her rolls the lunar orb of light. 
Trailing her silver glories through the night : 
Beyond our globe the sanguine Mars displays 
A strong reflection of primeval rays ; 
Next belted Jupiter far distant gleams. 
Scarcely enlighten'd with the solar beams ; 
With four unfix'd receptacles of light 
He tow'rs majestic thro' the spacious height -, 
But farther yet the tardy Saturn lags. 
And seven attendant luminaries drags ; 
Investing with a double ring his pace. 
He circles through immensity of space. 

ClIATTSBTOB . 



s 



t the surface of the sea to lie a flat 

». We shouldi I think, see the 
ip at once, that is, the liuU would 
! as soon as the top-mast. 

It certainly must, or iodeed rather 
ecause the body of the vessel being 
larger than a slender mast, it moat 
ly be visible at a greater distanCCc-* 
, Yes, I can see the steeple of a 
t a much greater distance than I 
im the iron conductor which b 

and that I can perfectly see long 
le little piece of gold wire, which 
,t its extremity, is visihle. 

Well, but the top-mast of a vessel 
ilways in view some little time be- 
lull of the vessel can be discerned, 
the surface of the sea be globular* 
It to be the appearance, because 
iberence or swelling of the water 
;hc vessel, and the eye of the spec- 
1 hide the body of the ship some 
■the /lendant is seca a\»'Jc. 



^■^-^Anr 



••V 



^.Si 



»^ 
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OF THE FIGURE OF TTltf I 

UkdUien tlie luwer, then the 1il),'^r s.ii)i ; 
i-X length the summit oflhe towerHig must 
ktone is seen ; nor les«, when from (lie ship 
riie longing sailor's eye in hope of above ; 
*w then, from the top-mast, tho' more remott 
fhwi eithar deck, the shore ia first beheld. 

Ixrrr's Euuosii 

harles. When ( stood by the sca-slde 
tvater did not appear to me to be 

^itgr. Perhaps not j but its convexity 
be discovered upon any still water; as 
1 a river, which is extended a mile or 
in length, for you might 
i boat at th:it distance while standing 
jhl i if then you stoop down so 
; your eye near the water, you will find 
luiface of it rising in such a manner 
over the boat, and intercept its view 
plelely. Another proof of the globular 
■e of the earth is, that It is necessary 
those who are employed in cutting 
Is, to make a certain allowance for the 
exity ; since the true level 
ght line, but a curve which fafc be.V.w« 
ittmchcs every mile. 

^m 6 2 
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Jamei. What are the poles, sir? ||v 

Tutor, in the artificial g^obe (Pfate T. 
Fig* 4.) there is an axis w s about wfaichll 
turns ; now the two extremities or cndsof 
this axis n and s are called the poles. 

The gbbe terrestrial, with its skmtin^ poles. 
And all its pond'rous load, anweazied rolls. 



Charles. Is there any axis belonging to 
the* earth ? 

Tutor. No ; but, as we shall to-morrow 
sliow, the earth turns round once in e\'ery 
2 1. hours, so astronomers imag^e an axis 
u\i'A\ which it revolves as upon a centre, 
thtr extremities of which imaginary axis are 
the poles of the earth, of these n the north 
pf)l(; points at all times exactly to />, (Fig. 
I •) tlu: north pole of the heavens which wc 
have already described^ and which is^ as 
jmi recollect, within two degrees of the po- 
lar star. 

y'ames. And how do you define the 



^ 
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■ne port from whence he set out. The 
me with respect (o Great BriUm, was 
UK by our owa countrymen Sir Franddi 
nkei Lord Ansoii, Captain Cookt anA, 
aay others. 

Charles. Is 'hea the common terrestrial 
obe a just representation of the earth i 
Tutor. It is with this small difference*! 
at the artificial globe is a perfect sphere, 
hereas the earth is a splieroid, that is, 
le shape of an orange, the diameter froin 
Je to pole, being about S7 miles shorter 
kiHl that at the equator- 



•^Vlnil Ihe eurlli loaeiof its «phericity, by 
An* will vallien, U vtry inconsiderable ; the "" 
lOUKtaiH hBaiing so liille proportion to its . _. _, _ 
Muvety to be equivulciit to tlie minutest protuberunq 
a ihe aurf.'Ce ol' an orange : 

\ Tliese ineqiiiilitie* to us seem gpe»l t 

\ Buv lo an eye thm compretieDds <lie wliole, 
Tlie tumour wliich to us ao monstrous neetnsi 
U M a grain of sparkling suid tliat clings 

■ To the iiTiDculi (.lu-fiice <*f » spbtre of gl«s» j 

I Or ss a fly ujion tlie conrex dome 
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proofs adduced for the globular fonn of (k 
earth, there are others equally condu^] 
which will be better onderstood a few da^ 
hence. 



^ 



t" 
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CONVEBSATION XXVIII. 



Of the 4>unMl Motion of the Earth. 

* 

TUTOR. Well, gentlemen, arc you sa- 
dsiied that the earth on which you tread i3 
a globular body and not a mere extended 
plane ? 

Charles. Admitting the facts which you 
mentioned yesterday, viz. that the top-mast 
of a ship at sea is always visible before the 
body of the vessel cemes into sight ; — that 
navigators have repeatedly, by keeping the 
same direction, sailed round the world; — 
aod that persons employed in digging canals, 
can only execute their work with effect, by 
allowing for the supposed globular shape of 
the earth, it is evident the earth cannot be 
? mere extended plane* 
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James* But all these facts can be^ 
counted for, upon the supposition thit 
earth is a globe, and therefore youcood 
it is a globe : this was, I believe, the ns 
of the proof? 

Tutor. It was ; let us now advance 
step farther, and show you that this f 
turns on an imaginary axis every twi 
four hours ; and thereby causes the su 
sion of day and night : 

And earth self-balanc'd on her centre hung*. 

Pab. 1 

James* I shall wonder if you ar< 

to aflford such satisfactory evidt-nce • 

daily motion of the earth, as of its gl 
form. 

Tutor. I trust, nevertheless, th 
arguments on this subject will be sufl 
ly convincing, and that before we pa 
will admit, that the apparent motion 
sun and stars is occasioned by the c 
motion of the earth. 

Charles. 1 shall be glad to hear he 
can be proved; for if in the morning, 
at the sun when rising, it appears in th 
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It noon it has travelled to the south, and in 
ihe evening I see it set in the western part 
){ the heavens* 

James. Yes, and we observed the same 
last night (March the first) with respect to 
Jrcturusy for about eight o'clock it had just 
risen in the north-east part of the heavensf 
and when we went to bed two hours after, 
it had ascended a good height in the hea^ 
vens, evidently travellbg towards the west* 

Tutor* It cannot be denied that the hea- 
venly bodies appear to rise in the east and 
set in the west ; but the appearance will be 
the same to us, whether those bodies revolve 
about the earth while that stands still, or 
they stand still while the earth turns on its 
axis the contrary way. 

Charles* Will you explain this, Sir? 

Tutor* Suppose g r c b (Plate vi. Fig. 
5.) to represent the earth, t the centre on 
which it turns from west to east, according 
to* the order of the letters g r c b. If a 
spectator on the surface of the earth at r, 
see a star at h, it will appear to Vvitn \.Ci\\aNfc 
fust risen ; if now th^ earth be sup^o^ii X» 

T 



OF THE DltlRWJfl 

turn on its axis a fourth part of a reTolo-l 
lion, the spectator will be cwried froJB' 
to C> and the star will be just over his 
when another fourth part of the revolui 
completed^ the spectator will be at 
to him the star at h will be setting, and 
not be visible again till he arrive, by ibc 
rotation of the earth, at the statioti R. 

Charles. To the spectator, then, at R llie 
appearance would be the same whether k 
turned with the earth into the siiudtion », 
or the star at h had described, in a contrarjr 
direction, the space h z o in the same time- 

Tutor. It Certainly would. 

James. But if the earth really turned 
on its axis, should we not perceive die mo- 
tion. 

Tutor, Tile earth in it-i diurnal rotation 
being subject to no impedimenta by n.-3isiuig 
obstacles, its moiion calmot afFect the scmi " 
In the same way ships on a stnooth sc* 
frequently turned entirely round by 
tide, without the knowledge of those per 
I who happen to be busy in the ciibin Or 

de«lw« mr 



i 



<. That is, because they pay no 
to any otlier object but the vessel 
they are. Every part of the ship 
iih themselves. 

t. But if while the ship is turning;, 
their knowledge, they happen to 
ig at fixed distant objects, what 
appearance ? 

To them, the objects which ara 
Vill appear to be turning round the 
way. In the same manner we are 
Icceived in the motion of the eartli round 
s axis ; for if we attend to nothing but 
rfaat is connected with the earth, we cannot 
perceive a motion of which we partake 
jurselvea, and if we fix our eyes on the 
lieavenly bo'lics, the motion of the earth 
Ming so easy, they will appear to be tum- 
l>g in a direction contrary to the real mo- 
m of the earth. jj 

Cfittrka, I have somttimes seen a slcyi^ 
ifk hovering and singing over a particular 
idd for several minutes together; now if 
xiii is continually in motion while the 



J) 'J I- r«E nnmx.vL MOTION 

■jiri :"':mainH in thi; same part i( die air, 
\viiy lo wf: not i«e the field, ever vbEchbe 
'ir-t iricrrndi:?], pass fr':ni under hlmz 

7" i^^r. Be:caufi<: th»; atmosptJere, in vbich 
liif: lark is ^uapended, is connected wita the 
♦:ur.h, nartakt:3 cf its mction, and carries die 
iai'ic olf.'n^ with it ; and therefore, ixtdepea* 
ii:r.r: V oi the motion given to tiie bird bv the 
<:x;:rr:on of its wing^^ it has another in com- 
m'.r: with the earth, ycurself, amd all things 
on i:. and being ccmmon to us all, wc have 
no methods oi ascertaining the fact bv means 
cf the senses. The rotation of the earth 
on its axis, the smoothness of its motioOf 
VLi'A \is fi^icx. on the atmosphere, are describ- 
';d Lv Milton in three lines: 



-That «p inning sle-^ps 



On Ir'-r soft axl<- a^ alic paces even, 

An i b'.ar* us v.\\h with tlie sin^jth air along. 

yarned. TLTiough the motion of a ship 
cann .t be obser\'cd without objects at rest 
to compare with it, "y tt V sL-asvajcA. \^^V^ think- 
^ if the earth movtd^ \»^ ^vsv^^>* 



means of the stai^^f 



le to discover it by n 
;y are fiscd. 
' ' Tutor. Do you not remember once sail- 
ig Very swll'iiy on ihc river, when you told 
e that you thought all the trees, houses, 
c on its banks were in motion ? 
yames. I now recollect it well, and I 
Od some difficulty in persuading myself — 
fiat it was not so. 'rw 

Charles. 'I'his bring*! to my mind a affljjH 
itroiiger dc^ception of thi^ sort; when tt«i'" 
relling with great speed in a pOst-chaise, t 
isddenly wukcd from a sleep in a smooth 
tat narrow road, and I could scarcely help 
?iihking, for several minutes, but thai the 
rCea and hedges were running away from 
uSf and not we from them. 

Tular- I will mention another curious 
beunce of this kind; if you ever happen 
to travel pretty swiftly in a carriage by the 
pde of a field ploughed into long narrow 
^dg<:», and perpendicular to the road, you 
Mil think that all the ridges are turning 
qund in ;i dirt-ction contrjiry W vJ^w. cS 
Xlieae facts muy sa.tS.^i'^ -vjq,i^ 
T 3 _fl| 
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^^■ht Ifac sppeannees wilt be pc 
^^^ttic to US, whether the earth i 
H itXM from weu to east, or the sa 
move irxim east to wcst- 

Jama. 'ITieywill; butorlucFi 
BBtuml conclusion i 

Tutor, Tbis rmi oball 
yooreclf. If tbe earth (PUv. Fig. 
ila axis in 24 hours, at whaC ra 
part of the equatCM- a B move i 

Charles. To dctenniae tbk 
find the measure of its circumtei^ 
thcD dividiug thb by lAt, we shal 
l^^aumber of miles passed through iaJ 
^^k Tutor. Just so : now call the so^ 
^Hler of the eanh 40QD toiles, whtck j 
^^Iteore than the true measure. 

James. Mukiplsing this by i 



^. xaniMid this ouaiipllcd bt d^SSJlS w 
^^^danfa tlic tirciualuaice. Tlirougb Ij 
^^^Ef lU* •oA. the itecoiuls in mattiplicatiOB 
^^^^^I^K the mind auy « 
^^^^^^^Hb awned oeccanr; 
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fpvt 24/XX) miles for the circumference of 
the earth at the equator^ and this divided 
by 24, gives 1000 miles for the space passed 
dirough in an hour. 

Tutor* Tou are right* The sun^ I have 
already told you, is 95 millions of miles 
distant from the earth ; tell me therefore, 
Ciharles, at what rate that body must travel 
to go round the earth in 24 hours ? 

Charles. I will ; 95 millions multiplied 
by six will give 570 millions of miles for 
the length of his circuit, this divided by 24 
gives nearly 24 millions of miles for the space 
he must travel in an hour, to go round the 
earth in a day. 

Tutor. Which now is the more probable 
tonclusion, either that the earth should have 
a diurnal motion on its axis of 1000 miles 
in an hour, or that the sun, which b a mil- 
Uon of times larger than the earth, should 



to give the true semi-diameter of the earth, and the 
lamber (accurate to five places of decimab), by which, 
if tibe J«diii9 ofsaiy circle be muLVvp^kd^V^ 6x^>\^^x< 
cooeiBobtMiDed. 
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travel 24 millions of miles in the samei 
time? 

James. It is certainly more rational toi 
conclude that the earth turns on its axid, 
the eifect of which you told us was the al- 
ternate succession of day and night. 

Tutor* I did ; and on this and some other 
topics we wiU enlarge to-morrow. 



COWERSATION XXIX. 



^^P Of Day Hod Night. 

■AMES. You are now, Sir, to apply 
rotation of the earth about its axis to 
succession of day and night. 
'\itor. I will ! and for this purpose, sup- 
; G a c B (Plate vt. Fig. j.) to be ihfi 
li, revolving on its axis, according to 
order of the letters, that is, from G to s< 
> c, &c. If the sun be fixed in the hea- 
s at z, and a line h o be drawn through 
centre of the earth t, it will represent 
: circle, which when extended 1 
vens is called the rational horizon. 
Charles. In what does this differ from 
sensible horizon ? 

Tutor. The sensible horizon is that circli 
k« heavens which bounds the spectator'i 
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viewy and which is greater or less, acGOid-| 
iiig as he stands higher or lower. For ei 
ample ; an eye placed at jive feet above ik] 
surface of the earth or sea, sees 2| milei 
every way ; but if it be at 20 feet high^ that K 
is 4 times the height, it will see S\ imles, 
or twice the distance.* 

Charles. Then the sensible differs from 
the rational horizon in this, that xht former 
is seen from the surface of the earth, and 
the latter is supposed to be viewed {romita 
centre. 

Tutor. Tou are right; and the rising 
and setting of the sun and stars are alwa)i 
referred to the rational horizon. 

yamesm Why so ? they appear to rise and 
set as soon as they get above, or sink below 
that boundary which separates the visible 
from the invisible part of the heavens. 

Tutor, They do not, however : and the 
reason is this, that the distance of the sun 
und fixed stars is so great in comparison of 



• See Dr. Asliwortli's Trigonometry, Prop. 31. 5^d 
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4000 miles (the difference between the sur- 
face and centre of the earth,) that it can 
scarcely be taken into account. 

Charles* But 4000 miles seem to me an 
imnfiense space. 

Tutor. Considered separately, they are 
80, but when compared with 95 millions of 
miles, the distance of the sun from the 
earth, they almost vanish as nothing. 

James. But do the rising and setting of 
the moony which is at the distance of 240 
diousand miles only, respect also the ra- 
tional horizon ? 

Tutor. Certainly; for 400Q compared 
with 240 thousaiid, bear only the proportion 
of 1 to 60. Now if two spaces were mark- 
ed out on the earth in different directions, 
the one 60 and the other 61 yards, should 
you at once be able to distinguish the great- 
er from the less ? 
Charles. 1 think not. 
Tutor. Just in the same manner does the 
distance of the centre from the surface of 
tbe esirth vanish in compatisotk oi \\Sfc ^\^* 
9nce from the naoon. 



33S 
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We must not, howevei 



ihe succession of day and night. 

Tutor. Well ihen ; if the sun be at 
8cd at z, it will illuminate by its rajl 
that part of the earth that is above thef 
zon H o : to the inhabitants at c, its 
boundary, it will appear just rising ; 
situated at Kj it will be noon ; and to J 
in the eastern part of the horizon c, I 
be setting. 

Charles. I see clearly why it shod 
noon to those who live at R, becaui 
BUn is just over their heads, but it ii 
evident, why the sun must appear I 
and setting to those who ore at g and] 

Tutor. You are satisfied that a sp( 
cannotf from any place, observe nior<^ 
a semi-circle of the heavens at any « 
timei now what part of the heavens wiK' 
the spectator at g observe ? 

James. He will see the concave hemis- 
phere ZON. 

Tutor. The boundary to his view will be 
*f and z, will it not ? 
CHarUtt Yes j anA. w»««»^s3»&i-^ 



I will to him be just coming into i 

ir. Then by the rotation of the earth, 

spectator at g will in a few hours come 

R, when, to him, it will be noon; and 

lose who live at R, will have descended to 

; now what part of the heavena will they 

U in this situation f 

yatnes. The concave hemisphere n h z, 
nd z being the boundary of their view one 
ivay, the sun will to them he setting. 
Tutor. Just so. After which they will 
turned away from the sun, and conse- 
[oenily it will be nigUt to them till they 
again to o. Thul| by this simple 
notion of the earth on its axis, every part 
if it is, by turns, enlightened and warmed 
jy the cheering beams of ihe sun. 

Charles, Does this motion of the 
Kcount also for the apparent motion of the 
fixed stars i 

Tutor. It is owing to the revolution of 
earth round its axis, that we imagine 
fthe whole starry firmament revolves about 
24 hours. 



rmed ■ 

earth^ 
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James. If the heavens appear to turn oi 
an axis, must there not be two points, naoM- 
Ivf the extremities of that imaginary ausi 
which always keep their position ? 

Tutor. Yes, we must be underBtood tt 
except the two celestial poles which are op 
posite to the poles of the earthy consequent' 
ly each fixed star appears to describe \ 
greater or a less circle round these, accord 
ing as it is more or less remote from tho3( 
celestial poles* 

Charles. When we turn from that hemi 
sphere in which the sun is placed, w^e im 
mediately gain ^ht of the other in whicl 
the stars are situated. 

Tutor, tlvery part of the heaven is deco 
rated with these glorious bodies : and 

Night opes tlic noblest scenes, anr! sheds an ani-e. 
Which gives those venerable scenes full weiglit, 
And deep reception in ih' intender'd heart. 
This g.^rgeous apparatus ! This display ! 
Tins ostentation of creative puwr ! 
This theatre! what eve can take it in? 
Ky what divine enchantment was it rais'd 
Tor minds of the first magnitude to launch 




■J)j' doj.'by night ten thousund shine ; 
deep into the Deity ; 
19 in magniiicence und might '. 



mea. If every part of the heavens bas 
lorned, why do we not see the starti 
!3ay as well as the night i 

Because in the day time, the sun's 
so powerful, as to render those 
from the fixed stars invisible. But 
f yoa ever happen to go down into any 
Very deep mine, or coal-pit, where the raya 
Bf the sun cannot reach the eye, and it be 
i clear day, you may by looking up to the 
leavens, see the stars at noon as well as w 
^e night. 

Charles, If the earth always revolve on 
hs axis in 24 hours, why does the length 
of the days and nights differ la different 
leasons of the year i 

Tutor. This depends on other causes 
foanected with the earth's annua/ y 
round the sun, upon which we will convei 
jL^Xt time we meet. 



i 
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CONVERSATION XXX, 



Of the Annual Motion of the Earth. 

TUTOR* Besides the diumal mod 
of the earth by which the succession of d 
and night is produced ; it has anoth 
called its annual motion, which is the joi 
ney it perforins round the sun in 365 da 
5 hours, 48 minutes^ and 49 seconds. 

Charles* Are the different seasons to 
accounted for by this motion of the earl 

Tutor* Yes, it is the cause of the c 
fercnt lengths of the days and nights, a 
consequently of the different seasons^ \ 
Spring., Summer^ Autumn and Winter: 



< 



< Jt ihiftt the seisoTu, mnnths, and da^c, 
||9rbe ahort-liT'd ofl'^priiig of revoWing; (Ime 
.Vy turns they die, by turns are born, 

Now cheerful Spring ttte circle letds 

And strews with flow'r? the smiling nwids j 
' Gay SuDimer next, ivhom vasset robes adiii'i 

And WATing fields of yellow corn t 

Then Autumn, who with lavisti stores the tnp ol' Ni- 

Decrepit Winter, laggard in the dance 
{Like &eble age oppi-cst with puin,) 
A heavy scasim does maintain. 
With driving 



TiUSi 



■ingrc 



uitcd to rwlvar 



The Tsiious year rolls ratind again. 



J 



yames. IJow is it known that the 
sices this annual jouroer round the sun 
Tittor. I told you yesterday, that through 
the shaft of a very deep mine, the stars are 
visible in the day as well as in the night ; 
ihey are also visible in the day time, by 
means of a tirlescope properly fitted up for 
the purpose ; by this inethod> the sun aod 
Stars are visible at the same time. Now^ 
^e sun be seen in a line with a fixed 
u 2 




ij4 «]yr ras axxual motion 



lONivi u WKf pafftkubur hooTt ^^ 
(icw iv««k»« by die moAoa of the 
b« tioowi coQftkkfftbly to the eist of 
dUBhl Uf iIm uKicrvatiotti be continued tt 
tkii» y««r% v« shall be aUe to trac 
roiMid die hcttvcm to the same fixe 
firoM whkh we set out ; cooseqi 
the aun Muit hive made i journey 
the earth in that time, or the earth 
luiiu 

Charles. And the sun being a i 
of timet larger than the earth* you vf 
that it ia more natural, that the s 
body ahould go round the larger* th 
reverse* 

7Wor. That is a proper argumer 
it may be stated in a much stronger m 
The sun and earth mutually attra< 
anotheri and since they are in equ 
by this attraction, yuu know* their mo 
must be equal* "(^ therefore the earth 



* Sec GonvenatioD XIV. p. 100. 
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Is atnftUer body, must make out by 
odoo what it wants in die quaiiuty of 
Ktter,a]id, ofcourseiitmustbeLhatwhicfl 
'xtorms the journey. 

yames- But if you refer to tlie princi' 
e ot the lever, to explain the mutual at- 
udon of the sun and earth, it is evident 
at both bodies must turn round some 
int as a common centre. 
Tut9T. They do ; and that ia the comji 
Ml centre of gravity of the two bodies* 
)w this point between the earth and sua 
within the surface of the latter body> 
Charles. I understand how this is; be- 
18C the centre of gravity between any 
bodies, must be as much nearer to the 
itre of the larger body than the smaller, 
the former contains a greater quantity of 
itter than the latter. 

Tutor. You arc right : but you will not 
iclu.de that, because the sun is a mitlioa 
times larger than the earth, therefore, 
contains a quantity of matter, a million 
times greater than that contained in the 



'' -Si..- .^.>- r~i"-jU:r ihar ^i: 
. .-•*.■- t-. -^r-^: :ri: riiir. ai 
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y^ that it must of necessity, be the earth 
ich revolves about the sun, and not the 
I round the earth. 

Tutor* Your inference is just. To sup- 
le that the sun moves round the earth, is 
absurd as to maintain, that a mill-stone 
lid be made to move round a pebble. 
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CONVERSATION XXXI. 



Of the Seasons. 

TUTOR* I will now show you how 
different seasons are produced by the ami 
motion of the earth. 

jfames* Upon what do they depe 
Sir? 

Tutor* The variety of the seasons 
pends (1,) upon the lengdi of the days ; 
nights ; and (2,) upon the position of 
earth with respect to the sun. 

Charles* But if the earth turn roi 
its imaginary axis every 24 hours ou 
it not to enjoy equal days and nights all 
year ? 
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Tutor. This would be the case if the 
axis of the earth n a (Plate vi. Fig. 6.) 
vere perpendicular to a line c ' £ drawn 
through the centres of the sun and earth ; 
fer then as the sun always enlightens one 
half of the earth by its rays, and as it is 
day at any given place on the globe, so 
long as that place continues in the enlight- 
ened hemisphere, every part, except the 
tvo poles, must, during its rotation on its 
axis, be one half of its time in the light 
and the other half in darkness : or, in other 
words, the days and nights would be equal 
to all the inhabitants of the earth, excepting 
to those, if any, who live at the poles. 

James. Why do you except the people 
at the poles ? 

Tutor. Because the view of the specta- 
tor situated at the po]^s n and s, must be 
bounded by the line c e, consequently to 
Wm the sun woidd never appear to rise, or 
ict, but would always be in the horizon. 

Charles. If the earth were thus situated, 
VDuld the rays of the sun always fall verti- 
^y to the same part of it ? 
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Tutor. They would : and that part 
would be E Q^the equator ; and^ as we shall 
presently show, the heat excited by die 
sun being greater or less in proportion as i 
its rays come more or less perpendicular^ 
upon any body, the parts of the eardi ' 
about the equator would be scorched q^ j 
while those beyond forty or fifty de- 
grees on each side, of that line and the ' 
poles, would be desolated by an unceasiflg ' 
winter : 



-Some say the sun 



Was bid turn reins from th' equinoctial road 
Up to the Tropic Crab; thence down amain 
By Xeo, and the Virgitt, and the Scales 
As deep as Capricorn, to bring in change 
Of seasons to each clime : else had the spring 
Perpetual smird on eart^with vemant fiowcrsy 
Bqual in days and nights, except to those 
Beyond the polar circles : to them day 
Had unbenighted shone, while tlie low sun 
To recompense his distance, in their sight 
Had rounded still th* horizon. 




yamcs. 

Tutor. By the axis of the earth u s 
Rate VI. Fig. 7.) bebg inclined or bent 
pout twenty-lhree degrees and a half out 
if the perpendicular as it is d<;scnbed \xf 
Ailtoc: 



—He bid his angcU turn askuice 



The polea of eartli twice ten degreea ami m 
From the SI 



b,g 



In this case you observe, that all the pa- 
rallel circles, except the equator, are di- 
vided into two unequal parts having a 
greater or less portion of their circumfer- 
ences in the enlightened, than in the dark 
Itemisphere, according to their situation 
^th respect to n th» north, or s the south 
pole. 

Charles. At what season of the year 
■the earth represented in this figure? 

Tutor. At our summer season : for you 
observe that the parallel circles in the 
hemisphere have their greater 



i 



parts enlightened and their smaller parts! 
the dark. If d L represent that circle 1 
latitude on the globe in which Great Bt 
tain is situated, it is evident that aboi 
two thirds of it is in the light and only oi 
third in darkness- 

You will remember tii^t parallels of lot 
tude are supposed circles on the surface ( 
the earth, and arc shown by real circles c 
ils representative the terrestrial globe, draw 
parallel to the ecpjator. 

James, Is that the reason why oil 
flays towards the niiddle of June are so 
tten hours long, and the nights but ei^ 

Tutor. It is : and if you look to til 
parallel next beyond that marked d l, yO 
will see a stili greater disproportion bl 
tiveen the day and niglit, and the paralli 
more north than this is entirely in the lighi 
Charles. Is it then all day there ? 
Tutor. To the whole space between ths 
I the pole it is continual day for soin 
B, the duration of wliich is in propoi 
a ita vicinity to the pole ; and at ih 
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{pie there is a permanent day-light for s,i$ 
lODths together. 
[ jfoines. And during that time it must,! 
uppose, be night to the people who livell 
Bie south-pole i 

Tutor- T-es, the figure shows that the 
Buth-pole is in darkness; and you may 
ibKerve, that to the inhabitants Living in 
Mual paraUels of latitude, the one north* 
pd the other south, the length of the days 
\o the one will be always equal to the 
length of the nights to the other. J 

Charles, What then shall we say to thosM 
vho live at the equator, and consequcndjjH 
irho have no latitude ! .^t 

Tutor. To them the days and nights i^H 
fhvays equal, and of course twelve houi3 
each in length, and this is also evideqH 
n^m the figure, for in every position oB 
pie globe one half of the equator is in tiuB 
light and the other half in darkness. ^t 

I yames. If, then, the length of the dayj 
b the cause of the different seasons, the^l 
Utt be no variety in this lespect, to thoiH 
■^live at the equator, ^S 
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Tutor. You seem to forget that tkc 
change in the seasons depends upon the 
position of the earth with respect to the 
sun, that isy upon the perpendicularity widi 
which the rays of light fall upon any parti- 
cular part of the earth ; as well as upon the 
length of days. 

Charks* Does this make any materisl 
difference with regard to the heat of the 
sun ? 

Tutor. It does : let A b (Plate vi. Fig. 
8.) represent a portion of the earth's sur- 
face, on which the sun's rays fall perpendi- 
cularly ; let B c represent an equal portion 
on which ihey fall obliquely or aslant. It 
is manifest that B c, though it be equal to 
A B, receives but hiilf the light and heat 
that A B does. Moreover, by the sun's 
rays coming more perpendicularly, they 
come with greater force, as well as in 
greater numbers, on the same place. 
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CONVERSATION XXXll, 



Of the Seasons. 

TUTOR. Let us now take a view of the 
earth in its annual course round the sun, 
considering its axis as inclined 23^ degrees 
to a line |>erpcndicular to its orbit, and 
keeping, through its whole journey, a di- 
rection parallel to itself; and you will find, 
that according as the earth is in different 
parts of its orbit, the rays of the sun arc 
presented perpendicularly to the equator, 
and to every point of the globe, within 23 J 
degrees of it both north and south. 

This figure (Plate vi. Fig. 9.) represents 

the earth in four different parts of its orbit, 

or as it is situated with respect to the sun 

in the months of March, June, Se^Xeo^^x^ 

$ttd December^ 

x2 
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the niglits shnn ; therct'ure the earihi^^H 

air are heated by the sun in the day, ^^H 

than they ai-e cooled in the night. ^^H 

yames. Wiy have we not, then^^H 

greatest heat at the time when the daj^^^f 

longest ^^H 

Tutor. The hottest season of the }'^^H 

certainly a month or two after this, ^^H 

may be thus nccoUTitcd <ar. A bodl^^^| 

heated docs not grow cold again inata^^^l 

6UsTy, but gradually ; nuw, as long as^^^f 

luat comes from the buu in the day^^H 

h lost in the night , ih<^ !)>.-ui of the ear^^H 

air nil! bt daily in<.n.'asing, and this^^H 

evidently be the case for some Wct;k^^^| 

the loTigcst day, both on account ^^^H 

ntimbei- of rays which fall on a given ^^^| 

Hod also fiom the pei-pcndicular di^^^^| 

of those i':iys> ^^^H 

James. Will you now explain to^^H 

Trhat manner the seasons are produce^^^H 

Tutor' By referring to the figure ^^^^^| 

VI. Fig. 9.) you will obser\'e, diat .^^H 

tth of June, the wottK-^l^ of the flRf 

les towards tVie smd, ^mi t«3ft.^iio^f^ 
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brings all the northern parts of the globe 
more into light, than at any other time in 
the year. 

Charles. Then to the people in those parts 
It is snmmen 

Tutor. It is : but in December, when the 
earth is in the opposite part of its orbit, the 
north-pole declines from the sun, which oc- 
casions the northern places to be more in 
the dark than in the light ; and the reverse 
at the southern places. 

James. Is it then summer to the inha- 
bitants of the southern hemisphere ? 

Tutor. Yes, it is ; and winter to ua. 
In the months of March and September, the 
axis of the earth does not incline to, nor 
decline from, the sun^ but is perpendicular 
to a line drawn from its centre* And then 
the poles are in the boundary of light and 
darkness^ and the sun being directly vertical 
tOy or over the equator, makes equ:il day 
and night at all places. Now trace the an- 
Boal motion of the earth in its orbit for 
/otmelf, as it is represented in. t\v^ ^^3>x^% 



260 ASTRONOMY. 

Charles* I will, Sir : about the 20th of 
March the earth is in Libra, and conspquenU 
ly to its inhabitants the sun will appear in 
Aries, and be vertical to the equator* 

Tutor* And then the equator and all its 
parallels, are equally divided between the 
light and dark* 

Charles* Consequently the days and 
nights are equal all over the world* As the 
earth pursues its journey from March to 
June, its northern hemisphere comes more 
into light, and on the 21st of that month, 
the sun is vertical to the tropic of Cancer. 

Tutor* And you then observe that all 
the circles parallel to the equator are une- 
qually divided ; those in the northern half 
have their greater parts in the lights and 
those in the southern half have their larger 
parts in darkness* 

Charles* Yes ; and of course it is summer 
to the inhabitants of the northern hemis^^ 
phere, and winter to the southern* 

I now trace it to September, when I find. 

the sun vertical agam to \Vv^ ecs^tor^ and of 

course^ the days andn\^\v\."5 ^xt^^w^.^^^ 



Iftiid following the eartK in its journey ti 
December, or when it has arrived at Cad^^ 
cer, the sun appears in Capricorn ; and is 
is vertical to that part of the earth call- 
ed the tropic of Capricorn, and now the 
iOU^em pole is enlightened, and all the cir- 
dcB on that hemisphere have their larger 
pMts in light, and, of course, it is aiunmer 
Id those parts, and winter to us inthenorch'^ 
m hemisphere. 

Tutor- Can you, James, now tell me 
llty die daj's lengihen and shorten from the 
equator to the polar circles every year? 

James. I ivill try to explain myself on 
he sabject. Ueuause the sun in March is 
Mrtical to the equator, and from that time 
b the 21sl of June it becomes vertical suc- 
lessively to all otlier parts of the earth, be- 
wcen the equator and the tropic of Cancer, 
nd in proportion as it becomes vertical to 
he more northern parts of the earth, it de- 
Bnes from the souihem, and, consequently, 
1 the former the days lengthen, and to the 
her they shorten. From June to Sciftaov- 
jrtflcatM is again vertical sixccesawA'^ M> ., 



aU ihe same pans of the earth, btM 
verse ordi:r> H 

Charles. Siace il is summer to ■ 
parU of ihe earth, where the sun is.a 
and we Rod that the sun is vertical a 
the year to the equator, and everyj 
the globe beween the equator aud i 
there must be also two summers im 
to all those places. M 

Tutor. There are ; and in thM 
near the equator, they have two fl 

P:r}' )'car.— — But let your brotha 
i description. J 

jfames. From September to Oefl 
it is successively vertical to all ihej 
the earth situated between the eqi^ 
the tropic of Capricorn, which is -i 
cause of the lengthening of the da«| 
southern lieniisphere, and of their ba 
riiorter in the northern. J 

Tutor. Cm you, Cliarles, tellJ 
there is sometimes no day or night I 
e time together within the polarl 
^Chiir/es. The sun always shines ug 
^(''.^ecft every way, and whl 
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vertical to the tropic of Cancer, which is 
23^ degrees north of the equator, he must 
shine the same number of degrees beyond 
the pole^ or to the polar circle^ and while 
he thus shines, there can be no night to the 
people within that polar circle ; and, of 
course, to the inhabitants at the southern 
pohir circle, there can be no days at the 
same time, fcjr as the sun's rays reach but 
90 degrees every way, they cannot shine far 
enough to reach them. 

Tutor* Tdll me, now, why there is but 
one day and niglit in the whole year at 
the poles ? 

Charles* For the reason which I have 
just given, the sun must shine beyond the 
Dorth-pole all the time he is vertical to those 
parts of the earth, situated between the equa- 
tor and the tropic of Cancer, that is, from 
March the 21st, to September the 20th, 
during which time there can be no night at 
the north-pole, nor any day at the south- 
pole. The reverse of this may be applied 
to the southern pole. 

yames. I understand novr, i!wax ^<& 

Y 
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lengthening and shortening of the days, and 
difTerent seasons, are produced by the an- 
nual motion of the earth round the sun ; the 
axis of the earth, in all parts of its orbit, 
being kept parallel to itself. But if thus 
parallel to itself^ how can it in all positions 
point to the pole-star in the heavens ? 

Tutor* Because the diameter of the 
earth's orbit a c is nothing in comparison of 
the distance of the earth from the fixed stars. 
Suppose you draw two parallel lines at the 
distance of three or four yards from one 
another, will they not both point to the 
mo'^n when she is in the horizion ? 

yames* Three or four yards cannot be 
accounted as any thing, in comparison of 
2-4'. thousiind miles, the distance of the 
moon from us. 

Tutor* Perhaps three yards bear a much 
greater proportion to 240 thousand miles, 
tbi.n 190 millions of miles bear to our dis- 
tance from the polar star. 
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Of the Equation of Time. 

9i?. You are now, I presume^ 
sd with the motions peculiar to this 
which we live ? 

's» Yes : it has a rotation on its 
n west to east every 24 hours, by 
ay and night are produced, and 
apparent diurnal motion of the 
from east to west* 

t. The other is its annual revolu- 
an orbit round the sun, likewise 
St to east, at the distance of about 
ms of miles from the ^un« 

• You understand alsoy in what 
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T (his aiiniial moiion of | 
combined wiih ihc iiiclinaii'il 
is the Ciuisc ot" the xmi iety of sed 
• Wc will therefore proceed to infl 
Ihothfr curious subject, viz. rfic eqi 
t lime, and to cx|>lain to you the difft 
letwecn etfiini and apparent time- 

Charles. Will you tdl us what you 
by the words cywa/and apparent, as a] 
to time ? 

Tutor. Equal time is measured 
clock, that is supposed to go witfaou 
variations, and to measure exactly 24 
from noon lo noon. And apparent 1; 
measured by the apparent motion c 
sun in the heavens, or by a good sur 
Charles' And what do you mear 
by the eij'uation of time? 

Tutor. It is the adjustment of th 
fcrence of time, as shown liy a well' 
lated clock and a true sun-dial. 

yameH. I'pon what does this JiB( 
depend ? 
_ Ttiior. It depends Jirsf. uyoni 
■Bc/o/i o.'" the eiul\\'3 asia- 



end 

i 
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le elliptic form of the earth's orbit ; 
we have already seen, the earth's 
I ellipse, its motion la quicker 
pefihelion, or nearest to the 
id slower when it is in aphelion, or 
from the sun. 

es. But I do not yet comprehend 
; rotation of the earth has to do wit 
ig of a clock or watch. 
r. The rotntion of the earth is 
equable and unifirm motion in 
toTc, and is completed in 23 hours, 56 mi- 
nmes, and 4 seconds; this space of dme 
U c.iUcd a sidereal day, because any me- 
ridian oil the earth will revolve from a 
fixed star, to that star again in this lime. 
But a solar or natural day, which our 
docks are intended to measure, is the 
lime which any meridian on the earth will 
lake in revolving from the aim to the sun 
^ain, which is about 24 hours, sometimes 
a little more, but generally less. 

James. What occasions this difTcrence 
bewen the solar and sidereal day ? 
Tittar. The distance of tVvc fe-sji^ ?Sasi 
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is SO greaty that the diair.etcr of 
orbit, though 190 millions of n 
compared with it, is but a \ 
therefore any meridian on the 
revolve from a fixed star to that 
in exactly the same tiuie, as if 
had only a diurnal motion, and 
always in the same part of its or 
with respect to the sun, as the e 
vances almost a degree eastward h 
hit, in the same time that it tun 
wai*d round its axis^ it must mak 
than a complete rotation before it ca 
into the same pMsiiicn \vith the si 
it had the day before. In the sam( 
as when both the hands of a wai 
clock s<*t off together as twelve o 
the minute-hand must travel mor 
a whole circle before it will overta 
hour-hand, that i«, before they will 
the same relative position again* Tl 
sidereal days are shorter than the sol 
by about four minutes, as is eviden 
)bscrvation : 
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Watcli with nice eye the earlli's diurnal way 
Murkiiij^ her soiar and neiereal day ; 
llcr slow nutation, and her varying' clime, 
And trace with mimic art the march of time. 

UOTAXIC GARItEV. 



diaries* Still I do not undt;rstand the 
reason why the clocks and dials do not 
agree. 

Tittor. A good clock is intended to 
measure that equable and iinifcjrm time 
which the rotation of the earth on its axis 
exhibits. M hereas the dial measures time 
by the apparent motion of the sun, which, 
as we have explained, is subject to vari- 
ation* Or thus : though the earth's mo- 
tion on its axis be perfectly uniform, and 
consequently the rotation of the equator^ 
the plane of which is perpendicuhir to the 
axis, or of any other circle paralU^l to it, 
be likewise equable, yet we measure the 
length of the natural day by means of the 
sun, whose apparent annual motion is not 
in the equator, or any of its parallels, but 
ID the echptic, which is ohlic\uvi to \t.^ 



ASTRONOMY. 

James. Do you mean by this, 
equator of the earth, in its annual yaia 
U not always directed tuwards the centre' 
the sun i 

Tutor. I do : twice only in the year, 
line drawn from the centre of the sun to ihtl 
of the earth passes through those poinB 
where the equator and ecUpuc 
another; at all other times, it passes through 
someother part of that oblique circle, winch 
is represented on the globe by the ecliptic 
Ymt. Now when it passes through the equa- 
tor or the tropics, which are circles parallel 
to the equator, the sun and the clocks go to- 
gether as far as regards this cau3e> hut 3l 
other times they differ, because equal por- 
tions of the ecliptic pass c 
in unequal parts of time on accouDt of 
obtiquit}', 

Charles. Can you exjilain this by a figQI 

Tutor- tt is easily shown by the globe 

this figure T n ^^ s (I'late vi. Pig. 

epresent; "V ==> will 

^ the northern half 

j!^ ^ the Bouih«i:a 



por- 

1 

tow!™ 
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cil marks /; 

; equator an 
nstances (suppose 20 dtgreis) from each 
Mhur, beginning at Aries. Nuw by turning 
lobe Oil its axis, you will perceive tUaJ 
e ni.Trks in the first quadrant of I 
cHfitk; that is, from Ariea to Cancer, SoVH 
o ihe brazen meridian than thq 
indlng marks on the equalor:- 
n the beginning of Cancer to Libra com 
; from Libra to Capricorn sooi 
r: — and chusc from Capricorn to ArtCj 
liter. 

[ Sow time as measused by the suD-dial 
leprcsented bv the marks on the ecliptic 
mt measured by a good clock, bj' those oo 
be equntor, 

I C/iarUs. Then wliile the aun is in 
rst and third quarters, or what is (he b 
mtg, while the earth is travelling through 
Ri second and fourth quarters, th:!t ia, from 
lancer to Libra, and from Capricorn to 
irics, the aim is faster than tlie clock: 
'hiJc it is travelling the other two quarli 



in^ 
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Tutor, J ust so : because while the caAl^ 
IS travelling through the second and fouAl 
fjiiadraniB, equal prirtions of the edlpDCr 
come A-^s7irr to their meridian than their 
con-i*Kponding parts of the equator : and do- 
rini^ its journey through the first and third 
quadrants* the equal parts of the eclipdc 
arrive iatvr at the meridian than their cor- 
ri'Sip 'Hding parts of the equator. 

yamrs. If I understand what you have 
bitn saying, the dial and clocks ought to 
ap,t f-e at the equinoxes, that is, on the 20th 
L)i March, and t'le 23d of September, but if 
1 n ler to the Ephemcris, I find that on the 
for:ner day fl809) the clock is 8 minutes 
be lure the sun : and on the latter day the 
clock is almost 8 minutes behind the sun. 

Tutor • If this difference between time 
measured by the dial and clock depended 
only on the inclination of the earth's axis to 
the plane of its orbit, the clocks and dial 
oujrht to be together at the equinoxes, and 
also on the 21st of June and the 2tst of 
iKrcember, that is, at the summ^ir and win- 
tvr aol»tice« ; because, on those days, the 
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Parent revolution of the sun is parallel tl 
Z eqimtor. But I told you there v 
Ulcr cause why this difference §ubsial(:d. J 
} Chorles, You did : and that was the e 
btic form of the earth's orbit. 
[ Tiitor. If the earth's motion in its orH 
(ere uniform, which it would he if the o 
t were circular, then the whole difFcrei 
tveen er/iinl lime as shown by the elm 
pd apparent time as shown by the si 
pould arise from the inclination of 1 
irth'a axis. But this is n^it the case, fo| 
e earth travels, when it is nearest the sutlj 
at ist in the winter, more than a dt-gree in" 
k. hours, and when it is farthest from the 
|llf that is, in summer, less thun a degree 
\ ibc same time: consequently from thittj 
|U9e the natural day iiould be of the great 
t lengih whun the earth was nearest 1 

: conrinue turning the longest 
: after an entire rotation, in order to 
[ the meridian of any place to the sun 
I : and the shortest day would be whe«l 
^e earth moves the slowest in her orbitif 
Vtbese inequities, combined witii 



gree 
thi«J 
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those arising from the inclination 
earth's axis, make up that difference 
is shown by the equation table, founc 
Ephemerb, between good clocks ai 
sun-dials. 
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CONVEKSATION XXXIV. 



Of Leap Year. 

yamea* Before we quit the subject of 
time, will you give us some account of what 
18 called in our Almanacs Leap- Year ? 

Tutor* I will. I'he length of our year 
iSf as you know, measured by the time 
Mrhich the earth takes in performing her 
journey round the sun, in the same manner 
as the length ef the day is measured by its 
rotation on its axis. Now, to compute the 
exact time taken by the earth in its annual 
journey, was a work of considerable diffi- 
culty. Julius Caesar was the first person 
who seems to have attained to any accuracv 
on this subject. 

Z 
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Charles. Do you mean the first T(nHi|' 
Emperor, who landed also in Great-Britai! 

Tutor. I do. lie was not less celebndd 
as a man of science^ than he was renowned 
as a general : of him it was said. 



Ain'ulMt the htirrj- of tumultuous war, 
Tlif stnrs tlic jc<^cls, the heavens were still his cai^ 
Nor <licl his skill to fix the n.Uinf]^ year 
IniiTior to Eu(1o.m:s*s art appear. 






Julius Cresar, who was well acquainted with 
the K-aminj^ of the Egyptians, fixed the 
length of the year to be 363 daj's and six 
hours, which made it six hours longer than 
thi» Egyptian year. Now, in order to allow 
for the odd six hours in each year, he in- 
troduced an additional day every fourth 
year, which accordingly consists of 366 
days* and is called Ze^^-Year, while the 
other three have only 3'.>3 days each. From 
him it was denominated the jfuiian year. 

James. It is also called Bissextile in the 
Almanacs, what does that mean ? 

Tutor. The Romans inserted the intcr- 
"-alary day between the 23d and 24th of 




.ccJI 



|t52, when the error amomitccl to near- 
which were taken from the month 
^ptember, by calHiig the 3cl of that an 
the 14th. 

i Charie.1. By what mcaos will this aci 
^cy be maintained ? 

, Tutor, The error amtouming to one whole 
day io abom 130 years, it is settled by an 
act of parliament, that the year 1800 and 
the year 1900, which are, according to th« 
rule just given, Leap- Years, shall be com- 
puted as. common years, having only 36J 
id^ys in each : and that e^crj' four hundredth 
fVfff afterwards should be common years 
|i*0> If this method be adhered to, the 
present mode of reckoning will not vary a 
li^Ie day from true time, in less than 5000 

* By the same act of parliament, the legal 
teg^nning of the year was changed from 
the 25th of March to tlie 1st of January. 
o that the succeeding months of January, 
February, and March, up to the 24th day, 
■rhich would, by the Old Style, have been 
tof the year 1 7a 3, were ac- 
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CONVERSATION XXXV. 



Of the Moon. 

TUTOR. You are now, gentlemen, ac- 
quainted with the reasons for the division 
of time into days and years. 

Charles. These divisions have their 
foundation in nature, xht former depending 
upon the rotation of the earth on its axis; 
the latter upon its revolution in an elliptic 
orbit about the sun as a centre of oniotion. 

Janies. Is there any natural reason for 
the division of years into weeks, or of days 
mto hours, minutes, and seconds t 

Tutor. These divisions were invented 
entirely for the convenience of mankind, 
9Ud are accordingly in diffexeuX co\»w\xv^^. 



latere U iKMrever, anotbcr diviufla ■ 
marked out by natiire> 

Charter. Wtiai is ihat, Siri 
Tutsr. The length of the i* 
Ated that month w^hich 
weeks, QOr that by which (he year b 
ed into twelve parh. Thess are t 
liitrary. But by a month is meant t 
which [he mooa takes in pcrt'ortuin^ 
Journey round the earth : 






mark'd iutrunoTner>«'ilIi keener qm 
relUlgcnt jouiiiey tlirouEh ttic *I 



James. IFow many days does thts 
take for this purpose i 

Tutor. If you refer to the time \< 

the moon revolves from one point \ 

heavens to the same point again, it cd 

27 dayst 7 hours, and 43 minuteq 

ii called the periodical month : but jj 

refer to the time passed from new n 

aioon again, the month consists j 

12 hours, and 44 minulei, i 

the ni/nodictil month' 



«. Pray explain the reason of this 
:e. 

. It is occasioned by the earth's 
notion in its orbit. Lei us refer lo 
;h as an example. The two hands 
ther at 13 o'clock; now when the 
lantl has made a complete rt^volu* 
they together again ? 
'. So ; for the hour-hand is ad- 
lie twelfth part of its revolution, 
order that the other may overtake, 
travel five minutes more than the 



. And something more, for the 
id does not wait at the figure I, til! 
r comes up ; and therefore they 
be together till between 5 and 6 
after one- 

ipply this to the earth and moon, 
(Hate VII. Fig. 1 1.) s to be the 
:he earth in a part of its orbit Q,i. > 
be the position of the moon ; if the 
i no motion, the moon would move 
s orbit F. H c into the position E 
. ST days, 7 faocra, *3 -mipotro p^qtt^ | 



while the moon U describing her jot 
the earth has passed through nearlj" a 
twelfth part of its orbtt, which the mooa 
must also descrihe before the two bodie* 
come again into the same position thai they 
before held with respect to the sun : ihie 
takes up so much more time as to make het 
oynodical month equal to 29 days, 12 houn, 
and 44 minutes : hence the foundution of 
the division of time into montbi. 

We will now proceed to describe 
other particulars relating to the moon, as % 
body depending like the earth, on the sun 
for her light and heat. 

Charles. Bocs the raooD shine with a 
borrowed light only ? 

Tutor. I'his is certain i for otherwiatt 
if like the sun, she were a luminous body, 
she wonld always shine with a full orb as 
the sun does : 



Less bright the moon. 

But opposile in levcl'd west wnu set 

r, with fiitl t'liee dormwinj her light 



in tiini, fiff otliet liglitahc ucraled ii 



■i 



r diameter is nearly 2200 miles in 

fames. And I remember she is ai the 
ance of 240,000 miles from the earth. 
Vulor. The sun s (Plate vii. Fig. 11.) 
ays enlightens one half of the moon E, 

its whole enlightened hemisphere, or a 
t of it, or none at all, is seen by us ac- 
3in[jto her different pusicions in the or-^ 
with respect to the eurth, for only those 
ts of the enlighienetl half of the moon ■ 
visible at t which are cut off by, and 
within the orbit. 

'amfs. Then when the moon is at p., no 
" of its enlightened side is visible to the 
h. 

"i/io*-. You are right : It is then neiu 
HI, or diaiigt; for it is usual to call it 

taoon the first day it is visible to the 
h, which is not till the second day after 
change. And the moon being in a line 
teca the stm and earth, they are said to 
J conjunction. 

hartes. And at A all iW WWttviwsjti. 
iffifare jg turned W'thft egrfo» 
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"^tor- This is called y«// moon ; aniiihe 
earth being bttween the sun iind mouii 
ihey are amd lo be in ofi/toailien- The enf 
lightened parts of the iutle fii'iu'ts od the 
OUtsidt of the orbit, represent the appear- 
ance of the moon as seen by a specia.tor OD 
the earth. 

yames. Is the little figure then opposite 
E wholly dark to show thai the moon is in- 
visible at ckariffe? 

'J'ulor. It is ; and when it is at r a smi^' 
er part of the illuminated hemisphere il 
within the moon's or:iit, and therefore toi 
spectator on the earth it appears hornfd ; at 
c one half of the enlightened hemisphere i*; 
visible, and it is said to be in quadrature! 
at H three-fourths of the enlightened pMt 
is visible to the earth, and it is then saidtt) 
be gibboun : and ai a the enlightened lac^ 
of the moon is turned lo the earth, and it 
is said to be fiitl. The same may be satdj 
of the rest. 

1'he horns of the moon before conjunctioil! 
^W mooiit are tvitnt^d to the e(ist : 
nction they att tvitwtiN. m> vi«i 



unctioii! 
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KVow beautifully is the moon described by 
^lilton : 



-till the moon. 



Jibing in clouded majesty, at length. 
Apparent Queen unveil'd her peerless light. 
And o'er the dark her silver mantle threw. 

Book iv. line 606. 

Charles. I see the figure is intended to 
show that the moon^s orbit is elliptical : 
does she also turn upon her axis ? 

Tutor* She does ; and she requires the 
sanie time for her diurnal rotation, as she 
takes in completing her revolution about 
the earth; and consequently though every 
part of the moon is successively presented 
to the sun, yet the same hemisphere is al- 
ways turned to the earth. This is known 
by observation with good telescopes* 

James. Then the kngth of a day and 
night in the moon is equal to more than 
twenty-nine days and a half of ours. 

Tutor* It is so : and therefore as the 
length of her year, which is measured by 
her journey round the auti, va ^c\>3l^ X.o ^^X 

A a 



of ours, she can have but about nrcli 
and one third io a year. Another 
ble circumBlance relatiug to the moon, 
thai the hemisphere next the earth is never 
in darkness, for in the position e when ilii 
turned from tlie sun, it is illuminated by 
light reflected from the earth, in the saiM 
manner aa we are enlightened by a fliH 
moon- But the other hemisphere of ik 
moon has a fortnight's light and darluMM 
by turns. 

Charles. Can the eartli, then, be cono- 
dered as a satellite to the moon ? 

Tutor. It would, perhaps, be inaccuratt 
to denominate the larger body a sateUite » 
the smaller, but with regard to affording re- 
flected light, the earth is to the moon, what 
the moon is to the earth, and subject to the 
same changes of horned, gibbous, full, &c^ 

Charles. But it must appear much 
than the moon. 

Tutor. The earth will appear to 
hahitants of the moon, about 13 ti 
Itu-gc as the moon appears to u«. Wl 
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faon to us, it is JiiH earth to theniM 



moon then inhabited 
ell as the earth ? 

' Tutor. Though we cannot demonstrate 
is fact, yet there are many reasons to ii 
jce us to believe it ; for tile moon is a si 
indary plantt of considerable size ; — i 
irEice is diversified like that of the eari 
ith mountains and valleys i — the formeM 
tve been measured by Dr. llerschel, t 
me of them found to be about a mile i 
^igbt. The situation of the moor 
flpcct to the sun, is much like that of the! 
mh, and by a rotation on her axis, and a j 
nail inclination of that axis to the plane ] 
■ her orbit, she enjoys, though not a con-' | 
dcrablc, yet an agreeable variety of day I 
id night and of seasons. To the 
Ir globe appears a capital satellite, under-] 
tingthe same clianges of illumination a! 
lOon does to the earth. The sun and starjj 
te and set there as they do here, and h 
r bodies will fall on the moon as they < 
\t. flence we are led to coticludj 



I 



UCCU UMOCIVCU tilClC) UUl IS LilC CAISU 

"^ a lunar atmosphere certain* Therefc 

inhabitants must materially differ fron 
who live upon the earth. 



■ I 

v.: 
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or Ecli[>ses. 

bWARLES. M'ill you, Sir, esplam td 
the niiture and causes of eclipses 
Tutor. I will, with gi-cat pleasure. Toil 
isl observe, then, that eclipses depend up* 
ibis simple principle, that all opaque or 
ric bodies when exposed to any light, and. 
trefore to tlie light of the san, cast a sha- 
W behind them in an opposite direction. 
yames. The earth being a body of ihia 
td must cast a very largs shadow 
le which is opposite to the sun. 
Tutor. It does: and an eclipse of the 
lOD happens when (he earth T (Plate viii 
g.) passes between the aun a and tbc 



^Qpa 
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inoon Mf and it is occasioned by the eaits 
shadow being cast on the moon* 
Charles. When does this happen? 
Tutor. It is only when the moon is i 
or in opposition^ that it comes withio i 
shadow of the earth. 

^ames* Eclipses of the moon, howe^ 
do not happen every time it is full : wha 
the reason of this ? 

Tutor. Because the orbit of the in 
does not coincide with the plane of 
earth's orbit, but one half of it is elev 
about five degrees and a third above it, 
the other half is as much below it: 
therefore, unless the full moon happe 
or near one of the nodes, that is, in or 
the points in which the two orbits inte 
each other, she will pass above, or belov 
shadow of the earth, in which case ther 
be no eclipse. 

Ch<7rles. What is the greatest dis 
from the node, at which an eclipse o] 
moon can happen f 

Tutor* There can be no eclipse^ i 
moon, at the time when she is full, be 
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than 12 degrees from the node ; when she 
is within that distance, there will be a par^ 
tial or total eclipse, according as a part, or 
the whole disk or face of the moon falls 
within the earth*s shadow. If the eclipse 
happen exactly when the moon is full in the 
node, it is called a central eclipse* 

James* I suppose the duration of the 
eclipse lasts sill the time that the moon is 
passing through the shadow. 

Tutor. It does : and you observe that 
the shadow is considerably wider than the 
moon's diameter, and therefore an eclipse of 
the moon lasts sometimes three or four hours. 
The shadow also you perceive is of a coni- 
cal shape, and consequently, as the moon's 
orbit is an ellipse and not a circle, the moon 
will, at different times, be eclipsed when she 
is at different distances from the earth. 

Charles* And according as the moon is 
nearer to, or farther from the earth, the 
eclipse will be of a greater or less duration ; 
for the shadow being conical becomes less 
and less, as the distance from, the body by 
which it is cast is greater* 
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Tutor. It is by knowing exactly 
distance the moon is from the earth, 
course the wedth of the earth's shi 
that distance, that all eclipses are ca 
with the greatest accuracy, for man 
before they happen. Now, it is foi 
in all eclipses, the shadow of the < 
conical, which is a demonstration, 
body by which it is projected is of a 
cal form, for no other sort of figure 
in ali pMitionny cust a conical i 
This is meiition..'d as another proof, 
canh is a sphtriccil body. 

yames. It seems to me to prove 
thing, viz. that the sun must be i 
body than the ejirth. 

Tutor. Your conclusion is just, ft 
two bodies were equal to one anothe 
VII. Fig. 13.) the shadow would b 
drical : and if the earth were the lai 
dy, (Plate VII. Fig. 14.) its shadow 
be of the figure of a cone, which 1 
its vertex, and the farther it were e: 
the larger would it become. In eid 
the shadow would tux^ oqx v> as 



f and accordtDgly must sometimes in-' 
in it tht: otlicr planets, and eclipse 

I which is contrarj' to fact. Therefore, 
Ae earth is ntiihcr largL-r than, nor 

, to the sun, it must be the lesser body. 

rill DOW proceed to the eclipses of the 

ar/es. How are these occasioned! 
liar. An eclipse of the sun happens 
. the moon m, passing between die sun 
1 the earth t (Plate vii. Fig. 15.) ia- 
pts the sun's light. 

ones. The sun then can be eclipsed 
at the new moon. 

ttor. Certainly ; for it is only when the 
i is in conjunction that it can pass di. 
f between the eun and earth. 
•arlea. Is it only when ihe moon at her 
jaction, is near one of its nodes, that 
1 can be an eclipse of the sun ? 
\ttor. An eclipse of the sun depends 
I this circumstance ; for unless thi 
I or near unc of its nodes, she cannot 
ar in the same plane with the sun, 
to pass aver his disV- Vtv ever^ •s&isx 



part of the orbii «hi: will appear 
below the sun. If the tncNjn be in 
the nodes bht- w ill, in roost e»6KU cuvcr 
whole disk of the sun, and produce a t^ 
eclipse; if she be any where within ahaet 
16 degrees uf a node, a partkat eclipse «iV 
be produced. 

'{"he Sim's diameter is supposed to be di- 
vided into 12 equal pans, called dlfftta^xoA 
in ever}- panial eclipse, as many of these 
parts of the sun's diameter as the moao co- 
vers, so many digits are said to be eclipsed' 

yumes. I have heard of anivuiar eclipses, 
what are they, Sir ? 

Tutor- When a ring oF light appean 
round the edge oFthe moon during an eclipsit 
of the sun, it is said to be annular, from 
Ijatin word annithis a ring: these kii 
eclipses are occasioned by the moo; 
at her greatest distance from the eart 
time of an eclipse, because in that si 
the vertex or tip of the cone of the 
shadow docs not reach the surface of J 



fCharkx. How long can an eclipse of the 

Tutor. A lotal eclipse of the sun is a very 
trious and uncommon spectacle ; and total 
arkncss cannot last more than three or four 
linutes. Of one that was obsen-ecJ in Por- 
igal, 150 years ago, it is said that the 
arltness was greater than chat of the nightj 
•that stars of the first magnitude n 
icir appearance ; — and that the birds ' 
P terified that they fell to the ground. 
~ yames. Was this visible only at Portugal? 
Tutor, ll must have been seen at other 
(laces, though we have no account of it. 
llic moon, however, being a body much 
■mailer than the earth, and having also a 
I conical shadow, can widi that shadow on- 
Hr cover a small part of fhe earth; whereas 
■n eclipse of the moon may be seen b)' all 
those that are on that hemisphere whicl 
kimed towards it. (See Plate vii. Fig. 
Lnd 13.) 

I You will also observe, that an eclipse 
the sun may be total to the inhabitants nei 
the middle of the earth's d\SiV, aw4. aivni 
1 places near the ed^ca ol 'fins 



^AoMizip. 
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for in the former case the moon's shadow 
will reach the earth, and in the latter, on 
account of the earth's spericity, it will not. 

Charles* Have not eclipses been esteem- 
ed as omens presaging some direful cala- 
mity ? 

Tutrr. Till the causes of these appear- 
ances were discovered, they were generally 
beheld with terror by the inhabitants of the 
V (M'ldt which fact is beautifully alluded to 
b\ M.lton in the 1st book of Paradise Lost, 
line 594 : 



•As wlicn the sun, new risen. 



l^n.>ks thrtnijrh tb.c horizontal misty air 
SluMH ot']»i.s !H:.jn>, or i\\\v\\ heliind tlie mooHi 
Im flim ocl p>'*, ^li^.^^^^ous i\vil;j;iit. slicds 
On hr.lt'llii- nat oi;<, a.i.l Willi tear of char.^'P 
l\rplcM-i ni< r.:u\i.>. 
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CONVERSATION XXX VIL 



Of the Tides. 

TUTOR* We will proceed to the consi- 
deration of the ides^ or the flowing and 
ebbing of the ocean. 

James. Is this subject connected with 
astronomy ? 

Tutor. It it, inasmuch as the tides are 
occasioned by the attraction of the sun and 
moon upon the waters, but more particular- 
ly by tliat of the latter. You will readily 
' receive that the tides are dependent upon 
wme known and determinate laws* because> 
I if you turn to the Epheraeris, or indeed to 
j dmost any almanac, you will see that the 
iXMct time of high water at liOXkdotv-Xxtv^^ 
6reirety day in the year is set dovjtu 

Bb 
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Chisrltsn I have frequently wooden 
how this could be known with such a d^ 
of accuracy : indeed there is not a watem 
that plies at the stairs, but can readily t 
when it will be high water. 

TuUr. The generality of the waterm 
are probably as ignorant as yourself of t 
cause by which the waters flow and ebb, b 
by experience they know that the time 
high water differs on each day about tb 
quarters of an hour, or a little more or le 
and therefore if it be high water to-day 
six o'clock, they wilL» at a guess, tell y( 
that to-morrow the tide will not be up til 
quarter r before seven. 

jiime^* Will you explain the causes? 

Tutcr, I will indeavour to do this in 
easy and concise manner, without fatigui 
your memory with a great variety of pi 
ticulars : 



The ebbs of tides, aiid their mysterious flow. 
We, as art's elements, shall understand. 

Drtdkit 

^'*" must bear m "^ova xsivcA ^^ajwi.^ ^ 
re occasioue^ Vj ^^cir -axxx^cCv 
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my and a tide is accordingly produced ; 
^rhen, by the earth's rotation, a comes, 
hours afterwards, into the position L, 
Dodier tide is occasioned by the receding of 
e waters there from the centre. 
yames. You have told us that the tides 
e produced in those parts of the earth to 
'hich the moon is vertical, but this effect is 
t confined to those parts. 
Tutor. It is nut, but there the attraction 
It the moon has the greatest effect ; in all 
ther parts her force is weaker, because it 
ts in a more oblique direction. 
(Carles. Are there two tides in every 
biurs? 

Tutor. If the moon were stationary tin 
'ould be the case ; but because that body 
i also proceeding every day about 13 de- 
rcea from west to east in her orbit, the 
arth must make more than one revolution 
before the same meridian is in 
injunction with the moon, and hence t' 
Ides take place in about 34 hours and 
'hates. 

I remctnbcT 'flVweo.; 
B b2 



h^l 




:u ihc sc;t, il;::! the iidts rDse faigr.ei' :;:some 
!.ca**or.s than at others : bov do vcaaccoimt 
In this : 

Tiit-jr, The moon goes round the earth 
in ixw (iliptu c>rbit, iind therefore she ap- 
pr<-»ac hfs martr ic the earth in some parts 
oi" hrr orbit, tlir.n in oihcrs. \l hen she is 
rta*!. ft, the attrnc:i('n is the strongest, and 
loissf fiK-nth' It r.iisi-s the tides most: and 
will !i ^hv ih lartlitM from the earth, hcrat- 
Ir.i' '.inn is the ka^t, aiil the tides the lowest. 

/i .'.'•: rv. Do iluv rise to diffL-rent heiehts 

o 

\i\ (''fTsn-rt plarts ? 

't\j.r, Thivdo: in thv Klack-Sea and 
l^ « ^1 _•!'.:=. ir.i I :*.n ih,.- livl^"? are scarcely 
J-. 1. juibU. A\ ibc mouth «.)f the Indus the 
\\;.;.r ris- s :t..1 i.iDs lull 30 fttt. The tides 
;iic n inaikably high on the coast of Malay, 
in x\ " Siraiis ol bi.Tida, in the Ked-Sea, 
jiwii;; tl'. c":.»-i (if (liinn., Japan, &c. In 
j;i IK r:il ibc ti'lcs rise highest and strongest 
in iljc)?.i* phic'.-.s tliat arc narrowest. 

(!h til Irs. You .said th«j sun's attraction 
uCavAiiWviX l'ji\v.ii -Aft \\t\\vx& \!cvax ci£ tKe moon. 



< 
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sr. It does : but owing to the im- 
p distance of the sun from the earth, k 
[ces but a small effect in comparison of 
toon's attraction. Sir Isaac Newton 
bitcd, thai the force of the moon rais- 
{ waters in the great ocean 10 feet, 
s that of the sun raised it only 2 feet. 
1 both the attraction of (he sun and 
a act in the same direction, that is, at 
r and full moon, the combined forces of 
, toth raise the tide 12 feet. But when the 
moon is in her quarters, the attraction of one 
uf these bodies raises the water, while that 
o£xhe other depresses it; and therefore the 
imidler force of the sun must be subtracted 
ftom that of the moon, consequenily the 
^es niil be no more thiin 8 feet. The high- 
est tides are called spring-tides, and the 
Jbwest are denominated neap-tidcs. 
T James. I understand that in the former 
ease, the height to which the tides are raised, 
must be calculated by adding together the 
attractions of the sun and moon ; and in the 
latter* it must be estimated by \.V* di.J«T«w* 
^,oftbess attractions. 






I". 



.^r "*^''" ^'^eo the sia 

-^-^ o cne equata 

•^ *^'-»*^ u ler least dis- 

• *' '^« :ac tides ait 

-w.xv X . "^ * ^^^* -happen at 

'"'"::.V'*'^='^'--a'=«nuesdo 

• •-. .JT "'"^ ="**-. *cause 
... ....;• ""'^^^'^V ore at 



'•-v. V 






LlJONVERSAXlON XXXVIIt. , 



or Uie Harvest Moon. 

VTOff. From what we said ycster-^ 
II will easily understand the reason 
; moon rises about thrc^ quarters 

\t hour later every day than on the one 

nrln> It is owing to the daily progreas 
b the TDOon is making in her orbit, on 
t account any meridian on the earth 
H make more than one complete rotation 
i axis, before it comes again into the 
t situation with respect to the moon 
t had before. And you told us that 
ined a difference of abcxit SO 



At the equatot tuw \& 



Bui lit places 

tjMt in which wc Dtc, lbs a a i 
Jillcrencc about the umc ol ) 
ftt the Kuon uf full mooa ahe i 
vsral nighu to;;ctfacr onlv abooL 30 a 
liwr on ihe one day tban on thx ii 
If preceding. By thu» •uccccdo^ i 
bflforc the twilight is ended, die a 
langi the light to t)ie great benefit rf 4 
whn arc engaged ia gathering in the fi 
of tlvc eurth ; and hence the full r 
■PMon is called the harvest tdood. It u 
linved tlmt this was obsL-rved by per&oDH cn- 
guged In BgrituUurc, at a much earlier pe- 
riod than it WHS noticed by astronomers;! 
former nicribed it to the goodness of ^ 
Deity, not doubling but that he had so q 
dvred it on purpose for their advantage*^ 

ynrnfi' Hut the people at the equatorial 

* «yoy thin bcnQfit. 

IS it necessary that lhiy~ 
( lor in those puru of the earth, the 
t but liRlc, Mid the ticHtaer^ 
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t seldom, and at stated times ; to 
, then, moon-ljgUt is not wanting for 
ering the fruits of the earth. 
tries. Can you explain how it happens^ 
P'&e moon at this season of the year riaes 
lay after another with so small a diffcr- 
b of time ? 

With the assisinnce of a globe 1 

1 at once clear the mater iip> But I 

^ endeavour to give you a general idea 

C subject withom that instrument. That 

finoon loses more time in her risings 

\ she is in one part of her orbit, and 

lother, is occasioned by the moon's 

t lying some times more oblique to the 

a than at others. 

mes But the moon's path is not mark- 

D the globe. 

It is not ; you may, however, 
nider it, without much error, as coincid- 
iDg with the ecliptic. And in the latitude 
of London, as much of the ecliptic rises 
about Pisces and Aries in two hours as the 
J goes tlirough in six days ; therefore 
e. the moon is in these signs she difl 



dl&u 
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but two hours in rising for six days tt 
that is one day with another, about 30i| 
nutes later every day than on the p 



\e well tnown tc 

n far mnny nighb^ in tid' 1 



Hiereis 
In wtiich the n 

Of there autumiul laboura, cltcera thedudcfl 
^Vilh her full liL<;Ire, soon as Ptuchni iiSa f 
Beneath Uie horizon his pnipitiaus nj: 
For Bs the angle of Ihe line whtd) boundi H 
'I'he moon's career horn the tlqiuUD-, Bovk J 
Greateror less, the nrb oFCjnlliia 
f*VrMi lest or more of difference in 

h ^n>> leist this angle : thence the moon 
19 with smdleslvsriance or tines, 

ti'ign she dwells ; and most pivUKH 1 
T sojourning in our enlieliteu'd sties. 

'C/iaHifs. Is the moon in those aig 
the time of harvest ? 

Tutor. In Augaat and September'^ 
know that the sun appears in Tirgd'iJ 
l^bra, and of course when the moon \hM 
she must he in the opposite signs, viz. I 
and Arirs. 

yame^' Are ti^cte "Ocvetv wm tiii \i 
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Tutor* There are, the one when the sun 
is in Virgo, which is called the harvest 
moon ; the other when the sun is in Libra, 
and which being less advantageous, is called 
the hunter^ s moon. You ought to be told that 
when the moon is in Virgo and Libra, then 
she rises with the greatest difference of time, 
viz. an hour and a quarter later every day 
than the former. 

Charles* Will you explain, Sir, how it 
it that the people at the equator have no 
harvest moon? 

Tutor. At the equator, the north and 

south poles lie in the horizon, and therefore 

the ecliptic makes the same the same angle 

^ southward with the horizen when Aries 

. rises, as it does northward when Libra rises; 

(hot as the harvest moon depends upon the 
cfifferent angles, at which different parts of 
die ecliptic rises, it is evident there can be 
tt) harvest moon at the equator. 

The farther any place is Crom the equator, 
if it be not beyond the polar circles, the an- 
Jifc which rhe ecliptic makea vrSfl^ ^Sofc V«stv- 
^ft», when Pisces and Am& tiM^ ^s^"*^^^ 

C c 
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m 



tttroiiiiihes, and therefore when the 
in these signs she rises with a ae 
portiooable diScrence later eveiy 
on the former, and this ts more rei 
about the time of full moon. 

yam^t. Why have you exce 
space OD the globe bcyood the 

Tutor. At the polar circles, i 
sun touches the s«jmmer tropic* he i 
S4 hours above the horizon ; and 
1 he touches the winH 
z reason the fiill moo 
IS in the summer, when she is ■ 
ed ; nor sets in the winter when her 
is so necessary. These are the on) 
moons which happen about the w 
nil the others rise and set. In su 
full monns are low, and their atay 
horizon short : in winter ihey are 
stay long above the horizon. A ^ 
display thJa of the divine wisdom i 
OCRS, in apportinning the quantity 

ilAble to the various necessities i 

lituits of the earth, according 




the matter is, I sup- 



r. There one half of the ecliptic 
:ta, and the other half never rises ; 
ently the sun continues one half year 
le horizon, and the other half below it> 
1 moon being always opposite to .the 

never be seen to the inhabitants of 
:s, while the sun is above the hoti- 
It all the time that the sun is below 
zoni the full moons never set* Coa- 
ly to them the full moon is never vi- 
,he summer ; and in their winter they 
T always before and alter the full^ 
for 14 of our days and nights with- 
rmission. And when the sun is de- 
the lowest under the horizsn, then 
m ascends with her highest altitude. 
!3. This indeed exhibits in a high 

the attention of Providence to all 
tures. But if I understand you, the 
nts of the poles have in their winter 
jht's light and darkness by turns. 
'-. This would be the case for t 
ix months that the sun is below ^ 



turns, 
for the j 




Ironi if there i 
lauUitutc for the light of l±ic ■ 
bythe Btintnplicrc'k nSraOm^d 
he faecutncs visible a fbrHu^^ i 
continuca a fortnight loo;^ ia 9 
wuukl uthcrwiie do were tha« ( 
pro{>erty belonging tu the a 
in (hiiw parts of ihc winter, wfaea t 
be abtoluuly dark in the : 
miKin, llic brilllaocy of the Aurorm ^ 
i> proI>Bbly lo grcul as to aSbrd a 1 
fortabU degree of light. Mr. Hcarne u 
irnveli near the polar circle, has ths 
mark in his journal ; ^' December S 
duyti were to shiirt, tliat the sun on! 
circuit of a few points of the comp; 
the horiv.un, and did not at its gi 
lude rise hulf way up the trees, 
liancy of the Aurora Borealis, howen 
G sturit even without the a 
^moon, made amends for this deficit 
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^ it was frequently so light all night, that 
^ould see to read a small print." 

"These advantages are poetically described 
^ otir Thomscm : 

By dancing meteors then, that ceaseless shalce 
A waving Maze refracted o'er the heavens, 
And vivid moons, and stars that keener play 
With double lustre from the glossy waste ; 
Kv'n in the depth of Polar Night, they find 
A wond'rous day i enough to light the chase. 
Or guidft their daring steps to Finland-iair^. 

WlSTEB, 1. 859. 



cc2 



!s his annual jouincy round the sua in 
irbit a; Venus in &, and the earth, 
er from that luminary than cither of 
J makes its circuit i[i t. 
mtcs. How is this known ? 
itor- By observation ; for liy attcn- 
r watching [he progress of these bo- 
it is found that they are continually 
jing their places among the fixed stars, 
ihttf they arc never seen in opposition 
,e sun, that is, they are never aeco in 
vestern side of the heavens in the 
log when he appears in the east ; nor 
e eastern part of the heavens in the 
ng when the sun appears in the west. 
aries. Then they may be cousideretl 
,endants upon tlie sun ? 
itor. Tliey may : Mercury is never 
from the earth at a. greater distance 
the sun, that about twenty-eight de- 
, or about as fai- as t!ie moon appears 
from the sun on the second day after 
lange ; hence it is that we so seldom 
lim ; and when we do, it is for so 
^, flme, and alwaya m vw\\\^\\. 



auKcient obserrKJans hare not beeo vajt 
to aHntRin whflher be tus a diurnal Dfr 
lioD OB his axa. 

JoMti. Voold you tbm cooclude dat 
he hat ^uch a niotton ! 

Tutar, I thirtk we ougfat ; because it it 
known lo exist in all those planets upon 
which observations of siUEctent extent have 
been tnadr, and ihereforc we mar surely 
infer, willioui much chance of en-or, ihit 
it belongs also to Afercurj-, and the Hei|' 
Hchcl, tlic former from its vicinity 
nun, and the Utter from its great 
from that body, having at present 
ilic investigation of the most indefatigable 
astrunomersi 

Charles. At what distance is Mcrcmy 
from the sun ? 

'J'utor, lie revolves round that body 
mt thirty-seven millions of miles dis- 
;ight)'-cig!ii (lays nenrly; and there- 
can now irll me how many miles 
in Ui hour. 
1 can ; for supposing his oihic 



the Hei" 
ty n}d| 

tdistaB 
nt elH^Oi 



y 6,» which will give 223 millions of 
liks for the length of his orbit ; this I 
lall divide by 88, the number of days he 
iics ID performing his journey, and the 
|aotiem resulting from this, must be di- 
vided by 24, for the number of hours in a 
lay ; and by these operations, 1 find that 
lercury travels at the rate of more than 
\O5flO0 miles in an hour. 

Charles. How large is Mercury ? 

Tutor. He is the smallest of all the pla- 
MU. His diameter is something more than 
) miles in length. 

ames. His situation being so much 
nearer to the sun than ours, he must enjoy 

canMderably greater share of its heat and 
Ight. 

Tutors So much so, as would indeed in- 
UBiUy bum every thing belonging to the 
tarth to atoms, were she similarly situated. 
The heal of the sun at Mercury, must be 
tevea times greater than our summer heat: 
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— ■ ■ . Mercm^- ihe firtt 
Natf onlerinf; on tJie ilay, with ■juedt' »teel 
Plio (vincM en, iaQuning where he ea 
Wlth<rMn-J^*p!endQUr, »U tbe KEu* 



Ckartt*' And do j-ou imagioe dut, 
thus cJKumstanccd, this pUnet caa be is* 
habited ? 

7^f or. Not by such beings as we ate : 
you and I could not long exist at ifae hot- 
lotn ai the sea ; yet the sea is the habia- 
tion of millions of Uving creatures; vtvf 
then may there not be inhabitants in Me^ 
ctiryi fitted for the enjoyment of the situ* 
ation which that planet is calculated to 
aJFord i If there be not, we must be at a 
loss to know why such a body was form- 
, edj certainly it could not be intended for 
lefit, for it is rarely even seen by as* 



nrlh, m^ c^wj^is '■'t«*L«i 
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But do these worlds display their beams, or gfuide 
Their orbs, to serve thy use, to please thy pride P 
Thyself but dust, thy stature but a span, 
A moment thy duration ; foolish man ! 
As well may the minutest emmet say. 
That Caucasus was raised to pave his w«y : 
The snail, that Lebanon's extended wood 
Was destined only for his walk and food : 
The v^est cockle, gapin^^ on the coast 
That rounds the ample seas, as well may boast, 
The craggy rock projects above the sky. 
That he in safety at its foot may lie ; 
And the whole ocean's confluent waters swell. 
Only to quench his tbirsl* or move and blanch his 
sheU: 

PflfOB. 
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Tiaor. That planet is sixty-eight mil- 
ms of miles from the sun, and she hnishes 
:r journey in 224^ daysi consequently sho 
list travel at the rate of 75,000 miles 
VOX' 

Charles. TeDus is larger than Mercur}^ 
dwe say ! 

7V((ffr. Yes, she is nearly as large a 
le earth, which she resembles also in oih« 
HpcctS) her diameter being about 770Q 
liUs in length, and she has a rotation 
Ifout her axis in 23 hours and 20 minutcBa 
lie quantity of light and heat which stu 
ijoys from the sun, must be double thaU 
iuch is experienced by the inhabitants od 
lis globe. 

yames. Is tliere also a difference in het 
sasons, as there is here f 

Tutor. Tea, in a much more considera- 
le degree. 1'he axis of Venus incliu 
bout 75 degrees, but that of the earth in< 
Udcs only 23^ degrees, and as the varieQi 
f the seasons in every planet depends oni 

B:e of the inclin ation of its axis, 
D4 



h <tvH^nt that th*^ "^v/n* must Tiry 
with V<tn»j« thin with »i«. 

Charlen* V#^n»is appear? to us larger i 
tim^s than at oth'rr^ 

Tutor. Hh»: i\fft% ; and this ^i-"* 
particular^;, I will explain by mivm 
ftyjrf. Hupp'/Vi «! (\'\jk%*: viF. K:^. 
to he the %un, t the earth in h*r orVr 
a, /fry r, «/, f,y, VeT»»j* in her% : now n t 
'Jent that when Venus i^ at //, b^>we* 
%nn ari'J earth, she woul^f, if visi'/I*, i 
much larger than wh«:n sht is at '/ jn 
sitioR. 

yam^q, 'Vh'i*. is ^z^'.^' T* she i^ ='.* 
r.'.ar'rr in xh". forrri* r i^se th;iri in '.re i 
^*:ir.;|j in »K': ^it-jatiori « bbt 27 rrii!I''> 
rf.il':s from the earth T, h-it at ^i sivj i 
rTi'iili'/riS of rriile» ofT. 

Int'jr. S'jvt 2s V^rrjs p^is^es fro 
■ uT'j'iyh h^ t.^ to r/, she may be obs^rv* 
tu*m:i\ of H ^^oo'i tele-/.o;/«", to have a J 
\>.u%*. ;,riH'-,';s ^'v the rnoon h^s in pa 
frorri r,« /^ to full : thfrtloTt wh^n she 
V '.;.'. iv f ilJ, and is seen among th^ 



1 the beginning of Cancer: duiing 
irney from d to c, she proceeds with 
: motion in her orbit, and at e she 
in Leo, and will appear to an inha* 
af the earth, for a few days to be 
'rtf, not seeming to change her place 
the fixed stars, for she is coming 
the earth in a direct lioe : but in 
from e to _/", though atill with a di- 
□tion, yet to a spectator at Tt her 
will seem to be back again, or retro- 
Tor she will seem to have gone back 
to y; her path will appear retro- 
ill she gets to c, wh«n she will again 
ilationary, and afterwards from c 
d from (/ to f it will be direct among 
d stars. 

les. Wlien is Venus an evening, 
en a morning star ? 
'. She is an evening star all the 
he appears east of the sun, and a 
I star while she is seen weit ot him: 

eniis to the -aeslviard of the iiin 
)'d lier fiK^, a golden plain of light 
^ Urgcr TOunil. F»ir mot 



Thil Icmlf rm diwulng day to yon Jer wortil 
Tlie <eai of Mail. 



■When she is at a she will be 
her dark side being towards us« unless 
be exactly ia the node, in which case she 
will pass over the sun's face like a Utile 
black spot. 

James. Is that called the transit of 
Venus ? 

Tutor. It is ; and it happens twice on^,j| 
in about one hundred and twenty years* 
By this phenomenon astronomers have been I 
enabled to ascertain with great accuracyj 
the distance of the earth from the son; 
and having obtained this, the distances of 
the other planets are easily found. By the 
two transits which happened in 1761, and 
1769, it was clearly demonstrated, that the 
mean distance of the earth from the autt 
was between ninety-five and ninety-six mil*' 
Worn of miles. 

C'karle&. How do -jum feii. *v^ iSi 
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of the Other planets from the sun^ by know- 
ing that of the earth ?* 

Tutor. I will endeavour to make this 
plain to you. Kepler, a great astronother, 
discovered that all the planets are subject 
to one general law, which is, that the 
sqiLares of their periodical timesy are pro- 
portional to the cubes oj* their distances from 
the sun. 

James. What do you mean by the peri'^ 
odical times? 

Tutor. I mean the times which the 
planets take in revolving round the sun ; 
thus the periodical time of the earth is 
865-J days ; that of Venus 2241 days ; that 
of Mercury 88 days. 

Charles. Dow then would you find the 
distance of Mercury from the sun ? 



* The remainder of this conversation may be omit- 
led by those young persons who are not reaily in 
■ritbmetical operations. The auUior, however, knows 
from experience, that children may, at a very early age, 
be broug-bt to understand these hvgVier \jwt& ^C ittv^W- 
mcth. 

Dd2 
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Tutor* By the rule of three : I yt 
say as the square of 365 days (the 
which the earth takes in revohnng s 
the sun) is to the Square of 88 da^-s, 
time in which Mercury revolves aboui 
sun,) so is the cube of 95 millions (the 
tance in miles of the earth from the su 
a fourth number* 

Jamesm And is that fourth nui 
the cUstance in miles of Mercury fron 
sun ? 

Tutor. No : you must extract the 
root oi that number, and then you will 
about thirty-seven millions of miles fo 
nnswcr, which is the true distance at ^ 
Mercury revolves about the sun. 
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CONVERSATION XLL 



Of Mars. 

TUTOR. Next to Venus is the^earth 
and her satellite the moon, but of these suf- 
ficient notice has already been taken, and 
therefore we shall pass on to the planet 
Mars, which is known in the heavens by a 
dusky red appearance. Mars, together with 
Jupitery Saturn, and the Herschel are called 
superior planets, because the orbit of the 
earth is enclosed by their orbits. 

Charley, At what distance is Mars from 
the sun ? 

Tutor. About 144 millions of miles ; the 
length of his year is equal to 687 of our 
days, and therefore he travels at the rate of 
more than 53 thousand miles in an hour : 



Ill* iltiiniul I 
til n't liuim i 
tiU AHure thai ofawalilai 
y,mi». II(W ii tt« < 
lliiK jilniirt <Ii»tt«'trcd? 

JliMf. Ily mcanaor a n 
Mhiili In «cicn (liKiiiKtly •4i I 
li« U 111 lliflt piiri'il'hi* orUt wltklii 
Ktiv III lhi> mill uihI cnrtb. 
fiAtfrA'A. I« 1^1. irn Hs I-trge u riu < 
\t> I liit Jium^rtcr U onl, 
t lrn|tll)i wliich i« but liak i 
If Ihif Iriiyiti or ihc earth's diamrt 
ft<0«tn( Kv hi» dlitnncc froni ihe m 
H Wijiky fflw h.iir or tlii: light a 

I )-«l, 1 Relieve, he Ii 



^\an ha> ever been dis 
\KV \v Mtrtur/, Vcn3 



r pluncu * 



^^B Is.) the sun: a, 6, c, d, f, ff, h, the 
^H|b in different pans of its orbit, and M 
^^■^ ID his orbit. When the e»rth is at a, 
^^Bm will appear among the fixed stars at x: 
^^Kb by its annual motion the earth has ar- 
^^Hb at /i, d, and f, respectively, the planet 
^^■PK will appear b the heavens at >j, z, and 
^^Virhen the earth has advanced to g. Mars 
^^Bl'Sppear stattonary at o : to the earth in 
^^B^mey from ^ to A the planet will seem 
^^Hjjo backwards or retrograde in the hea- 
^^Bkirom to z, and this retrograde motion 
^^B'be apparent till the earth has arrived at 
^^^■hen the planet will again appear sta- 

^^Kfomea- I perc^ve that Mars ia retrograde 
^^Hn in opposition, and the same is, I sup- 
^^^b* applicable to the other superior planets; 
^HP^e retrograde Motion of Mercury and 
^^llius is when those planets are iaconjunc- 
tion> 

Tutor. You are right : and you sec the 
Kason, I dare say, why the superior planet* 
may be in the west in the morning when 
I '-die sun rises in the «ast) and the reverse* 
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Ckarhi. For when the earth 
Alars may be at n, in which case 
is between the sun and the planet : 1 
abo that the planet Slara, and com 
the other superior planets, are mu< 
the earth at one time than at other 

Tutor- The difference with n 
Mars is no less than 190 roillionB i 
the whole length of the orbit of t 
Tlus will be a proper time to ezpl 
is meant by the Htliecentnc lonj 
the planets referred to in the Ephc 

Jama, Yes, I remember you ] 
te expl^ this when you came to 
the planets ; I do not know the mt 
the word heliocentric. 

Tutor, It is a term used to ex 
place of any heavenly body as seen 
sun; whereas the geocentric place of 
is the position which it has when si 
the earth. 

Charles. A\'ill you show us by 
in what this difference consists ? 
Tulor. IwiU: \eV8(y\aXtN\\\.'' 
represents the place oS ^ti^ ^'^'^i ^ 
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a the earth in hers, and c Mara in 
and the outennost circle will re- 
le sphcrfi of fixed stars. Now to a 
on the earth a, Venus will appear 
le fixed stars in the beginning of 
but as viewed fronn the sun, she 
teen beyond the ntiddle of Leo. 
e the Geocentric longitude of Ve- 
je in Scorpio, but her Heliacentric 
will be in Leo. Again, to a spcc- 
, the planet Mars at c, will appear 
le fixed stars, towards the end of 
li Pisces ; but as viewtd from the 
ill be seen at the beginning of the 
s : consequentlj' the geocentric Ion- 
Mars is in Pisces ; but his helii' 
ingitude is in Aries. 
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iive^ and not instantaneous, as was once 
osed* Hence it is founds that the ve« 
Y-o( light is nearly ilfOOo times grea- 
:han the velocity of the earth in its or* 
md more than a million of times grea* 
tian that of a ball issuing from a cannon* 
discovery is alluded to by the last 
:ioned poet : speaking of an observer of 
xlipses and Jupiter's satellites, he ssl^^ 

Jy these observ'd, tlie rapid pmgrett finds 
yfH^ht itself; how swift ihe headlong ray 
Uioot's firom the sun's height through unbomided 

space. 
It once enlighl'ning air> and earth, andheayen. 

3 of light come from the sun to the 
1 in 8 minutes, that is at the rate of 12 
ons of miles in a minute nearly* 



{ 



CONVERSATION XUII. 1 



TUTOR. We are now arrired at 8 
in our descriptions, which, till within i 
twentj' years, was esteemed the moi 
mote planet of the solar system. 

Charles. How is he distinguished |i 
heavens i 

Tutor. He shines with a pale de: 
very unlilce the briiUant Jupiter, 
magnitude seems to vie with that of J 
ter himself. The diamt^ter of Satu 
nearly 80 thousand miles in length ; 
stance from the sun is more than 9< 
lions of miles, and he performs his joi 



utlo, 



slg 



^^ OF SATURN. 

* our years, consequemly he must travel M 
^ rate not much short of 21,000 miles a 

James- Uis great distance from the si 
"mist render an abode on Saturn extreme^ 
^Id and dark too, in comparison of w 
fre experience here. 

Tutor. His distance from the sun be 
between 9 and 10 times greater than that of 
the earth, he must enjoy about 90 times less 
Hg^tand heat; it has nevertheless been cal- 
culated that the light of the sun at Saturn is 
SOO times greater thun that we enjoy from 
our full moon. 

Charles. The day-light at Saturn, then, 
caonot be very contemptible : I should hard- 
ly have thought that the light of the si 
here was SOO times greater than that expi 
fienced from a full moon. 

Tutor. So much greater is our meridiaA' 
light than this, that during the son's absence 
behind a cloud, when the light is much leas 
(trong than when we behold him in all hi 
glorious splendour, it is reckoned that 
E e 2 



a 

;.*^^ 



day-Ught is 90^)00 tim«s greater tlu 
H^ of the roood at its full. 

yamea- But Sataxn has several moo 
Ibriicve? 

Tutor. He is attended by seven satellilci I 
or moons, wbcne periodical times diSi;r vn^ 1 
much ; the one nearest to him perfonDs i 1 
nvtdutioa round the primary plaoet hi 3! I 
hours and a half; uid that which a mo« | 
remote t&kes 79 daf s and 7 hours for lus 
monthly journey : this last satellite b known 
to tun en its axis, and in iu roution is sub- 
ject to the same law which our mooo obeys, 
dut is, it revolves on its axis in the same 
lime in which it revolves about the pUncL 

Besides the seven moons, Saturn is tn- 
compassed iriih two broad rings which are 
probably of considerable importance in re- 
flecting the light of the sun to that planet; 
the breadth of the inner ring is 30,000 oules, 
that of the outer ring 7200 miles, and the 
vacant space between the two rings is 3839 
miles. These rings give Saturn a very dif- 
ferent appearance to any of tlie other pla- 
~ , Plate viij. Fig- 20, is a reprcsenu- 
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of Saturn as seen through a good teles- 
pope. On the suppoaitioa that Saturn was 
the most remote planet of our system, he is 
thus described by Mallet in his Excursion : 

Last, outmost Saturn walks bis rronller round 
The boiindsry of worlds, with hli pale mouns. 
Faint glinnnering tlirough the gluom vhlch night 

has tlirown 
Deep-dyed and dead o'er this cliill globe forlorn : 
An endless desert, wei'e extreme of cold ^ 

Btemil sita, as in his native seat. 
On wintery bills of never-Ihuwing ice. 
SOA Salfm'i eartii i and even here the siglit 
Amid tbcse dolefnl fxaes, new matter finds 
Of wonder and delights a mighty ring.' 

Charles. Is it known whether Saturn 
toniB on its axis ? 

Tutor. According to Dr. Herschel^it 
has a rotation about its axis in 12 hours 13^ 
(ninutes *. this he computed Irom the equa- 
torial diameter being longer than the polar 
diameter in the proportion of 1 1 to lo. Dr. 
Kerschel has also discovered that the r 
flaX mentioBed, revolves about the planet I 
10 hours and a half. 



1 
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CONVERSATION XXIU. 



Of The Uenchel Planet. 

TUTOR. We have but one other planet 
to describe, that is the Herschel i 

James. Was it discovered Dr. Her- 
schel I 

Tutor. It was, on the 13th of March, 
1781, and therefore by astronomers in ge-* 
neral it is denominated the Herschel planet ; 
though by Doctor himself it was named the 
Georgium Sidus, or Georgian Star, in ho- 
nour of his present majesty George the 
Third, who has for many years been a libe- 
ral patron to this great and most indefatigar 
blc astronomer. 



KOP THE HERSCIIKL PLANET- ^^^^H 
Us. I do not think that I have evefefl 
is planet. ™ 

jjitor. Its apparent diameter is too 
small to be discerned readily by the naked 
eye, but it niay be easily discovered in 
R dear night, when it is above the hori- 
KOD, by means of a good telescope, its situa- 
tion beitig previously known from the £lphe- 
Vxais. 

yatna. Is it owing to the smallnesa of 
dus {danet, or to its great distance from 
the sun, that we cannot see it with the 
Baked eye? 

TutoT. Both these causes are corabin- 
<(1: in comparison of Jupiter and Saturn 
it is small, his diameter being less than 
fliirty-five thousand miles in length; and 
his distance from the sun is estimated at 
more dian one thousand eight hundred mil- 
Kona of miles from that luminary, around 
which, however, he performs his journey 
in eighty-two of our years, consequently 
he must travel at the rate of 16,000 miles 
VI hour. 
' ^ar/es. But if this - 



^tt urrweanmir.' 

(Itscovercd on tweiin--two yean, 1 
known that it will complete its n 
eighiy-two years i 

Tutor. By a long series of ol 
it was found to move with such « i 
a» would carry it round the faeare 
period. Moreover, when it was 
covertd, il was in Gemini, and ii 
1803, It had advanced in the it' 
more than a fourth part of its J 
and now in June, 1G09, it is in ti 
of Scorpio- 

James, How many moons hss I 
schel ? 

Tutor. He is attended by six 
or moona, of which, 
the plane! performs his revolutio 
the primary in five days and 1 
hours, but that which is the n 
from him takes 107 days and 16 It 
his journey. 

Charles, Is there any idea fa 
p the light iuid heat enjoyed by 

I ilw-'diauiice from tlu 
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nineteen times greater than that of the 
earth, consequently since the square of 
19 is 361 9 the light and heat experienced 
by the inhabitants of that planet must be 
361 times less than we derive from the rays 
of the sun* 

The proportion of light enjoyed by the 
Herschel has been estimated at about equal 
to the effect of two hundred and forty-nine 
of our full moons. 
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CONVERSATION XLV. 



Of Comets. 



TUTOR. Besides the seven primaiy 
planets, and the eighteen secondary ones (NT 
satellites, which we have been describing, 
there are other bodies belonging to the so- 
lar system, called comets^ to which Thom- 
son in his Summer beautifully alludes : 



-Amid the radiant orbs 



That more than deck, that animate the skr« 
The life-infusing suns of other worlds ; 
ho ! from the dread immensity of spact 
Returning with acce\tt^\^fc^ cwxt^ 
The rushing cowee to \^k^ s>Mv^^^cwi\*, 



or COMETS. ^^^^TS| 

IB be sinks below tlie Bhading ttrlh* 
*fi\h iwfiil train projected u'er the heavens, 
3'he guilty nations tremble. 

Sdhsim, line 1702. 



Harks. Do comets resemble the planets 
by respects ? 

Like them they are supposed to 
Olve about the sun in elliptical orbits, 
3 to describe equal areas in equal times ; 
K ^ey do not appear to be adypted for 
fchabitation of animated beings, owing 
I great degrees of heat and cold to 
I in their course, they must be aub- 

I comet seen by Sir Isaac Newton, in 
Kfear 16S0, was observed to approach so 
% the sun, that its heat was estimated by 
t great man, to be 2000 times greater 
n that of red-hot iron. 

It must have been a very solid 
If to have endured such a heat without 
{ entirely dissipated. 

Ff _*.^M 



^ air, will scarcely lose all its heat in i 

r and it is said, thac a globe of red-h 

:i8 large as our eurth, would scare 

ill 50,000 years. See Enfield's I 

f of Natural Philosophy, p. 296, sec< 

; i tion. 

Charles* .\re the periodical time 
comets known 1 

Tutor. Not with any degree of o 
it was supposed that the periods of 
them had been distincdy ascertaine 
• Jirst of these appeared in the yea 

I6Q7, and 1682, and it was expectc 
turn every 75th year; and one w 
^" * had been predicted by Dr. Halley, 



lis the astronnmers of the present day havt^ 
^n disappoiDted. 

The third was that which appeared 
680, and its period being estimated at 375 
:3Ts cannot, upon that supposition, return 
intU the year 2255. This last comet at 
freatest distance is eleven thousand 
Huidred millions of mi les from the sun, and' 
its ieast distance from the sun's centi'e was 
but four hundred and ninety thousand miles; 
this part of its orbit it travelled at the 
rate of eight hundred an eighty thousan^t 
miles, in an hour. 

ytmies. Do all bodies move faster or 
slower in proportion as they are nearer to, 
or more distant from their centre of mo- 

Tutor. They do, for if you look back 
upon the last six or seven lectures, you will 
lee that the Herschel, which is the most re- 
mote planet in the solar system, travels at 
ihe rate of 16,O0O miles an hour; Satur^ 
the next nearer in the order il.OOO 
Jupiter 28i000, miles ; Alars 53,000 



etuTiH^ 
atMjJ 
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the earth 65,O0O miles; Venus 
miles ; and Merctiry at ihe rate of 1' 
miles in an hour. But here we coi 
comet whose progressive motion iathal 
of its orbit which is nearest to the si 
more than equal to eight times Ac 
of Mercurj-. 

Charles. Were not comets former^ 
ed, as awful prodigies intended to 
the world ? 

Tutor' Comets are frequently accompli 
nied with a luminous train called the tailt 
which is supposed to be nothing more than 
vapour rising from the body io a line oppo- 
site to the sun, but which, to uninformed 
people, has been a source of terror and dis* 
may, and to this opinion many of our poets 
have alluded : 



—Where the it 



Ipf comets wander 
DBj^Bflnite cicurslon through th' 
^^^^^K tnveraing (i'sm sky to aky 
^^^^^■kmI veg^oiu. In their windings road 
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length to trace imagination fails ; 

their paths 

distant orbs with wonder and amaze 
leir approach, and night by night alarm'd 
readed progress watch, as of a foe 
march is ever fiital, in whose train 
and war, and desolating plague, 
i his pale horse rides, the ministers 

f Heaven to scourge o&ndii^ worlds ! 

MiXLir's EzcvBSioir 
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''tutor. Having given you a particu- 
lar description of the planets which revolve 
about the sun, and also of the satellites 
which travel round the primary planets as 
central bodies, while they are carried K 
the same time with these bodies round the 
8Un, we shall conclude our account of the 
solar system by taking some notice of U>e 
aun himself. 



OF THE SUN, ^^^F 

yames. You told us a few days ago, 
lat the sun has a rotation oa its axis, how _ 
9 that known ? 
]l Tutor. By the spots on hia surface it i| 
*nown that he completes a revolution froi 
jwest to east on his axis in about twenty-fii(( 

fyst two days less than his apparent revi 
ion, ia consequence of the earth's i 
on in her orbit, in the same direction. 
Charles. Is the figure of the sun gla 
ulari 

. Tutor. No; the motion about its axis 
Irenders it spheriodical, having its diameter 
:.at the equator longer than that which passes 
fthrough the poles. 

The sun's diameter is equal to 100 diam> 
peters of the earth, and therefore his bulk 
|inust be a million of times greater than that 
lOf the earth, but the density of the matter 
of which it is composed is four times lei» 
than the density of our globe. 
' We have already seen that by the atti 
tion of the sun, the planets are retained 
their orbits, and that to him they are 
1 for li^tf hcBt and ntodoo 
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Fairest of Beingi ! first created light: 

Prime cause of beauty ! for from thee alone 

The sparkling gem, the vegetable race^ 

The nobler worlds that live and bieathe their 

charms. 
The lovely hues peculiar to each tribe. 
From thy unfiiiling scarce of fplendour draw ! 
Ill thy pure shine, with transpoH I surrey 
This firmament, and these her rolling worlds 
Their magnitudes and motions^- 

Mauit's EicuBSiojr. 



^ 
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OF tiM Fixed sun. 

Off- We win now put an e 

VlUtronomkal conversations by referring 

a to the fixed stars, which like our sun 

i by their own light. 

tries. Is it then certain that the fixed 

•e of themselves luminous bodies; 

t the planets borrow their light from 



!or. By the help of telescopes it is 
Uowa that Mercury, Venus, and Mars 
bIuqc by a borrowed light, for like the 
tnoon, they are observed to have different 
phases according as they are dUFerently si- 
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toatcd with regard Co t 

luense distances of Jupticr, SatiKix, 

Hcrschel planet, do not allow the 

encc bewe«n (he perfect and imperfect i&i» 

mtoation of their discs or phases ta be pef 

ceptiblc- 

Now the distance of die fixed stan from 
the earth is so great, that reSected Eght 
would be much too weak ever to reach ife 
eye of an observer here. 

yames. Is this distance ucertsined 
any degree of precision ? 

Tutor. It is not : but it is know 
certainty to be so great, that the 
length of the earth's orbit, viz. 190 miHioil 
of miles, is but a point in comparisos of 
it J and hence it ia inferred that the dis- 
tiuce of the nearest fixed star, cannot be 
IfiH than a hundred thousand times die 
\i of the earth's orbit;* that is, a hun- 
diousand times igo millions of miles, 



1 




' %ie t>>- KiiRolfi'i 1n»iiitiies of Natural Pbiloiophjr, 
^^Ug^JWiiniX Miiiun, ir99. 
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or 19,000,000,000,000 miles : this distuice 
being immensely great, the best method v*f 
forming some clear conception of it, is to'' 
compare it with the velocity of some mov- 
ing 'body, by which it may be measured. 
The swiftest motion with which we are ac- 
quainted is that of light, which, as we have 
$een, is at the rate of twelve millions of 
miles in a minute : and yet light would be 
about three years in passing from the near- 
est fixed star to the earth. 

A cannon-ball which may be made to 
move at the rate of twenty miles in a mi- 
nute, would be 1800 thousand years in tra- 
versing the distance. Sound, the velocity 
of which is thirteen miles in a minute, would 
be more than two million seven hundred 
thousand years in passing from the star to 
the earth. So that if it were possible for 
the inhabitants of the earthy to see the 
light ;— to hear the sound ; — and to receive 
the ball of a cannon discharged at the near- 
est fixed star ; they would not perceive the 
Yjght of its explosion for tVvtt^ ^^'ax^ ^Sxset 
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it h^l l>c«ii fu^il i i^or receive the bail til 
IpjO thousand years had elapsed; nor Inst 
.le report for two mdUons and seven hm^ 
(Ired thousand years after the explosioD. 

Charles. Are the fixed stars at diflereU 
distances from the earth ? 

Tutor. Their magnitudes, as you IcoMP, 
appear to be different fi-om ose another, 
which dilTcrencc may arise either from a 
diversity in their real magnitudes, ot in 
their distances, or from both these causes 
acting conjointly. It is the opinion of Dr< 
Herschel that the different apparent magni- 
tudes of the stars arise from the different 
distances at which they are situated, and 
tlicrcfore he concludes that stars of the se- 
venth magnitude, are at seven times the 
distance from us than those of the fitat 
magnitude are. 

By the assistance of his telescopes he is 
able to discover stars at 497 times the dis- 
tance of Siriiu the Dog-star : from which 
that with more powerful iostm* 
I he should be able to discover Stan 
U grealcr dia^nces. 
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nes. I recollect that you told us once, 
had been supposed by some astrcto- 
diac there might be fixed stars at so 
a distance from us, that the rays of 
tight had not yet reached the earth, 
ll tbey had been travelling at the 
if twelve millions of miles in a mi- 
from the first creation to the present 

'ar, I did; it was one of the sublime 
ations of the celebrated Huygens. ' 
Galley has also advanced what, he says, 
to be a metaphysical paradox, viz. , 
le number of fixed stars must be more 
inite, and some of them at a greater 
. finite distance frooi others ; and Mr. 
on has justly observed, that this ' 
W is far from being extravagant, 
we consider that the uuiverse is the 
of infinite power, promoted by Infi- , 
lodness, and having an infinite space 
rt itself in ; so that our imagination 
t no bounds to it. 



distant some i)f the nocturnal suns! 
ita«, MVH Ibe sage, 'iwcce not absuni 
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ibirUi, 
io foreign world i 
I i-apid as iLelr fliglit 



**€Karlc3. AVhat can be the use of 
fixed stars ?— not to enlighten the eaidi, Sw 
a single additional moon would give la 
much more light than them all, especially 
if it were so contrived as to afford os its as- 
sistance at those intervals when our present 
moon is below the horizon. 

Tutor. You are right: they could not 
have been created for our use, since 
sandsi and even millions, are neva 
but by the assistance of glasses, to wl 
but few of our race have access. \<i 
minds indeed are too enlightened to 
gine, like children unaccustomed to r< 
lion, that all things were created for 
enjoyment of man. The earth on which 
we live is but one of seven primary planets 
drcidating perpetually round the sun as a 
centre, and with these are connected eigh- 
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^ which are probably teaming with Uving 

k' beings capable, though in different ways^of 

anjoying; the bounties of the great Fir» 

Cause. > 

The fixed stars then are probably suns, 

which, like our sun, serve to enlighten* 

Warm, and sustain other aystems of planets 

and their dependent satellites. 

yames. Would our sun appear as a fixed 
star at any great distance ? 

Tutor. It certainly would : and Dr. Her- 
schel thinks there is no doubi, but chat it is 
one of the heavenly bodies belonging to 
that tract of the heavens known by the 
name of the Milky IVay. 

Charles. I know the milky way in the 
heavens, but I little thniight that I had 
any concern with ic otherwise than as an 
observer. 

Tutor. The milky way consists of fixed 
«t>n, too small to be discerned with the 
osked eye ; and if o-ur sun be one of them> 
the earth and other planets are closely con- 
nected with this part of the heavens. 



ed. Tou 
kimlfliP 



ASTRONOMY, 

BWj Gentlemen, it is time that we takt 
■ lexve of this subject for the present, 
ftw your dttention to those instructions 
xhich, on this and other topics, 1 have 
been able to communicate, accept my beat 
thanks. For your Tuture welfare and hap* 
pincas, my heart is deeply interested. Tou 
will not, I flatter myself, very soon 
Att connexion which has subsisted bel 
ua for a long course of years. Fror 
nind the remembrwice of your kii 
tan never be obliterated. Permit me, then 
as a testimony of my gratitude and ain- 
cere affection, to recommend to your future 
attention the works of nature and creatian, 
by a careful investigation of which you 
will necessarily be led to the contemplation 
and love of the God of Xature. 

Your knowledge, young as you yet are, 
of the fundamental principles of Geometry 
and Algebra, is such as to render scientific 
pursuits easy and pleasant. And your un- 
derstandings arc not more capaple of enter- 
ing' into the subYvme a^etviaxiooa q^ s^v- 
ence, than your tea,tts axe, »i»v*4. «» 
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ceive and cherish those impressions of gra* 
Utude, which are the natural consequences 
of enlarged and comprehensive views of 
the being and perfections of the Deity. In 
all your studies and purstutsj theUf never 
fbtgetythat 



■ ■ \ y oa onnot go 

Whtte UvrmwAZi Lots not tmiks aroilnd» 
SoiCdiii^ aU yoo oft)0, and ftU their aofit ; 
Itaa idrmiiig evil s^ educing good. 

And better thence agun, and better ftill. 
In inilnxte progression. 

Tmnoir. 



END OF VOLUME I. 
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